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PREFACE. 



THIS work is an attempt to present in a concise 
form the leading characteristics of the various 
types of cranes now made. These are so numerous 
that a full treatment of all of them would be 
impossible in a single volume, even of larger size, and 
the aim has been to keep the book within small limits. 
Se\'eral types have become, or are fast becoming, 
specialised in the hands of a few firms. The writer 
has had a long experience in the work of crane 
construction, and in the course of those years has 
become familiar with all the types he has here 
described, with the exception of a few that are 
patented specialities. 

The concise and summary treatment necessary, if 
the subject were to be dealt with in a handy volume, 
has made it impossible to deal with any single type 
of crane at length. The writer has adopted, therefore, 
what seemed to be the best method under the circum- 
stances—namely, to occupy the greater portion of the 
work with an account of the elementary portions, the 
main features that are common to many cranes, 
leaving the leading types to be described in a con- 
densed fashion. Thus, although few cranes are illus- 
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trated, their elementary parts are shown as far as 
space would permit. 

Another point is that formulae have not been intro- 
duced. This matter was well considered, and the 
writer deemed it better to omit them altogether than 
to attempt even a small selection, which would have 
lessened the already limited space available for the 
practical treatment of the subject. 

A great deal might be said on both sides of this 
question of formulae. The true point of view, it may 
be suggested, is that it would be difficult to give any 
selection which would not be open to criticism. One 
important fact is, that different men arrive at the 
same results by different ways. Graphic methods are 
employed in crane shops to a far greater extent than 
mathematics. There is no time for extended calcu- 
lations, neither is the risk run. Books of tables, 
moments of inertia, are used largely. Much work is 
not calculated at all, but the accumulated data of the 
firm are simply drawn upon. Then with regard to 
simple calculations — involving leverage, crushing, 
tensile strengths, &c. — these are already available in 
numerous elementary text-books. 

Such are the principal reasons why the purely 
" shop " method of treatment of the present subject 
has been deliberately adopted in the present volume. 

JOSEPH HORNER. 

Bath, Au^st 190J. 
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INTRODUCTION. 

Value of Experience— Standardisation in Crane Shops —Variable 
Character of Stresses and Strains— Nature of the Problems 
involved. 

In no structures built by engineers is the question of due 
relation of strength to stress of greater importance than in 
cranes. Yet in few does more empiricism exist, in few is the 
accumulated experience of success and failure of greater 
▼alue, — a case which has notable parallels in the history of 
the development of the locomotive, and of machine tools, 
neither of which are much indebted to theory. 

There are certain crane elements in regard to the 
strength of which calculations are of much value, because 
the stresses are readily obtainable by the methods of graphic 
statics. These are the elements of which the frames are 
built, and the strains on chains, hooks, and snatch blocks. 
But the main side frame castings, and the plated frame 
castings are not readily calculated, and in fact are almost 
invariably copied or modified from previous designs that 
have stood successful service. In the drawing offices of 
crane shops new designs are got out without much direct 
calculation, because previous practice is drawn upon. The 
more highly the work of a firm is specialised, the more easily 

A 
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can modified designs be produced. Thus, there are tables 
kept in the office giving loads for various sizes of chains, the 
strength of the different standard hooks used, the strength 
of rods of various cross sections, and much more of the 
same character, by which direct, often repeated calculations 
are rendered unnecessary. Then there are certain trains of 
gears, and drums which have been previously used, and these 
can be taken en bloc^ and put on other cranes that vary in 
details of design. Jibs are standardised for different radii 
and power, and these need not be recalculated. So are 
trucks, posts, ground wheels ; and finally there are standard 
superstructures that can be taken bodily and put on either 
portable or fixed bases. In the latest stage of all, standard 
cranes are made in a wide range, and kept in stock for 
immediate delivery. Thus it happens that youths may 
spend much time in modem drawing offices and yet never 
have opportunities of calculating the stresses throughout a 
crane, or even what is of more importance, of understanding 
the conditions of actual service, which profoundly modify 
these calculations. 

The reason why calculations are so greatly modified is 
that though stresses can be obtained for certain elements 
with absolute precision, and in others with a fair approxima- 
tion thereto, the uncertain and variable stresses and strains 
due to working cannot be estimated with any reasonable 
approach to the actual facts. Hence the large factors of 
safety which are employed in crane work, and which often 
prove insufficient. In the writer's experience there is no 
single section of a crane which has not failed under stress, 
whether cheeks, posts, jibs, chains, tie rods, trucks, both 
cast and plated, traveller girders, toothed wheels, drums. 
And these accidents happen not always by reason of want 
of sufficient strength such as is fairly warranted by past 
experience, but they are due to the fact that duties of too 
severe a character are systematically imposed on cranes. 
Few machines are more ill-used than these; the greatest 
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sinners being contractors' men, who knock them about un- 
mercifully in order to get through iheir work to time. 

But whatever the difficulties in the way of fixing even 
approximately on the best factors of safety, careful calcula- 
tions should be made for new and untried work on a sound 
basis for those factors in sections where the nature of the 
strains are sufldciently well known to admit of calculations. 
Experience must be the controlling guide in other cases. 

In an elementary work of this character it is not possible 
to enter into calculations, but the mode of treatment must 
be restricted to the description of practical details and of 
types in actual service from the point of view of the practical 
man, whether crane maker or user. All crane calculations 
are applications of the principles and problems laid down in 
many text-books of statics, to which reference can be made. 
We will indicate briefly the nature of the problems, and then 
go on to the practical work of the book. 

In crane framings we have perfect applications of the 
parallelogram, and triangle of forces, — closed chains, in 
which knowing the nature and direction and magnitude of 
one force, the nature and direction and magnitude of the 
others can be measured off graphically. In the travellers 
and similar cranes wc have a simple case of beams supported 
at both ends and loaded at intermediate points. In 
balanced cranes the moment of the load, with that due to 
the overhang of the jib, has to be counterbalanced by a load 
of equal moment behind. In portable cranes the conditions 
of stability include that of the truck in addition to the 
balancing and stability of the superstructure. In one 
direction this is governed by the length of wheel base, in 
the other by the gauge, or if that is not sufficiently broad, 
by extraneous supports, as rail clips, or blocking girders. 
In some elements, as tie rods, chains, and ropes, the pull is 
direct, and therefore easily reckoned ; in others, as on ground 
wheels, on roller paths, and on roller rims, the load is purely 
compressive ; in others, as posts, drums, gears, it is partly 
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correct when the load is lifted on single chain, and the 
line of same from the head pulley to the drum coincides 
with the centre of the tie. This is used for various hand 
and steam cranes, both of fixed and variable radius. 
The load a runs over a fixed pulley at the top of the 
jib B, the radius r of which is unalterable except bf 
derricking. No trolley or jenny can run along this crane 
to vary the radius of the load lifted, hence the reason why 
many of these are made to derrick ; that is, the jib is hinged 
at D in order to permit of effecting variations in the radius 
of lift; — accomplished both in the derrick cranes proper, 
and in many ordinary cranes that differ from the true 
derricks in most details excepting in the capacity for this 
particular range of movement. This type of framing is 
ver)' useful, because it gives a good clear head room for 
work of considerable area and width, combined with a high 
lift. In modified forms the jibs are bent or cranked inwards 

in order to increase the area of 
work that can be swung between 
I the hook and the post. 

In this broad type the pull of the 
load A is transmitted in tension to 
the tie rod c, and in compression to 
the strut or jib b. The loading on 
the post E mainly tends to break it 
off as a beam encastre at the ground 
line, but also slightly to tear it off 
at the top, an accident which does sometimes happen. 
The front of the post is in compression, the hinder part in 

tension. 

To estimate the forces or loads on these members in a 
graphic way, the load due to a is set off in equal parts on the 
line of pull of the chain a, say 4 tons as shown. Lines are 
drawn at c parallel with the tie c, and at ^ parallel with <f, 
completing a parallelogram of forces. Points of division 
equal to that on a are drawn on c and b. The number of 




Fig. 2. 
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s on e at Clo ihe plane where that line is cut by A is I 
ti. and 13 tons is the tensilu Eoad on the lie rods c. ". 
numbtrr of divisions on b to where il is cut by e is 14J, I 
which is the compressive load in tors on the jib b. The 1 
load or thrust on Ihe post E is 10 tons measured along the I 
line J, the post being a caniikver, since it receives no sup- ' 
port from a pivot at tlie top. The line of the chain from 
thu )ib bead to the barrel also enters into calculations of 
this kind, and is or much importance in light cranes and in [ 
curved jibs. 

The type with horizontal jib, Fig. i, is one that is very j 
common, being employed for wail cranes, wharf cranes, and 
many hydraulic cranc-s. Here there is no tie, properly * 
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spetOdng, though the jib b appe.irs to fulfil that function. 
The jib, however, is a beam supported at each end, and 
loadvid to the maximum on the intermediate points if a 
trolley or jenny is used, and the thrust due to the load is 
tranmiittcd down from the strut c to the base of the post k. 
If the load is at the end as shown, a pull of 4 tons on a 
produces a thrust of sf tons on the strut c ; and a hori- 
lonlai thrust of 4 tuns on the post at the ground line, 
under the same conditions of pivoting as in Fig. i. ISut 
in cranes of this kind the jib is usually pivoted at ihe top 
ta well as at the bottom, and therefore the post is subject 
to a very small bending moment. And if there is 
racking canringe, but a fixed radius only, the jib b is .subject J 
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to practically no loading. The principal member then 
in the framing is the strut c, and the pivots at top and 
bottom of the post e. Such framings are old favourites 
because the horizontal position of the jib permits giving a 
varying radius to the load by the travel or racking of a 
trolley or jenny along its top edges. The objection to this 
form is that the strut comes in the way of lifting work of 
large dimensions at a small radius, hence the design is fre- 
quently modified as in Figs. 3 and 4. The first is suitable 
for a jib of short radius, the second for a long jib. These 
designs are both suitable for construction in timber, in which 





Fig. 5. 



Fig. 6. 



they were first made ; they are also made in iron and steel 
with a cranked jib, Fig. 5, which is better than either, but 
is more practicable in framings that are plated in iron or 
steel than in timber, though in the latter, a strut can be 
inserted diagonally between the angles. To get over the 
objection to the strut, this is often abandoned in favour of 
an overhead tie as in Fig. 6, which leaves the space beneath 
the jib absolutely free for handling work at short radii. 
This is further modified by suppressing the post below the 
jib, and supporting the jib by an overhead tie as in Fig. 7, 
and these are not usually connected by a vertical piece, but 
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the end of each member pivots in a cast-iron bearing which 
is bolted to the wall^ and the wall fulfils the function of 



In cranes that are fitted with cheeks or side frames to 
carry engines and shafting, the post, tie, and jib are still 
present, but slightly masked. The jib is no longer stepped 
into the post at or near its centre line, but into a cross 
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Fig. 7- 
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girder or a socket situated at 
post centre. Fig. 8, and directly 
essential elements are the same : 



dtstanre out from the 
over the loOer path. The 
IS in other tnaf^ular-fnuned 
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CHAPTER II. 
POSTS. 

The Function of the Post — Timber Posts — Posts of Iron and Steel with 
Top Pivots — Self-sustaining Posts — For Fixed and Portable 
Cranes — Early Posts of Cast Iron — Later Types— Reason why 
they are being Displaced — Posts of Wrought Iron and Steel — For 
Fixed Cranes — For Independent Cranes— For Portable Cranes. 

The post, pillar, or mast is a vital element in all triangular- 
framed cranes, with those few exceptions in which a wall 
fulfils the function. The stability of a crane depends in the 
first place on that of the post. If this fails, it will do so 
either by breaking off at, or near the ground line, where the 
maximum bending stress occurs in cranes that are supported 
in a footstep only. In cranes that have top pivots in 
addition, the post would fail somewhere between the top 
and bottom pivots, — a determining factor in which would be 
the locality where the jib happens to be stepped into the 
post. From this point of view the nearer the jib is brought 
down to the ground line the better, though having regard to 
the racking of loads inwards, this is the least favourable 
position. 

Posts are made of timber, cast iron, wrought iron, and 
steel, either solidly, or built up like girder work. In the 
simplest examples they are built of two beams of timber 
united at top and bottom with shoes of cast or wrought iron, 
in which the pivots are carried. Examples occur in quarry 
cranes, in the derricks, and in the cranes with horizontal 
jibs. Timber posts are made of a single balk of timber, 
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. 9 and lo. or of two sticks. When two umbers are 

L, tht-y are either {Kirallel, or cambered, and Itent over at 

top ; the first method occurs in some of tlie larger 

mnlal jib ciaries, the second in the derricks, Fig. ii. 

e gearing is carried in cheeks bolted lo the post. The 

B ttscd are of siecl, driven imo the lop and Iwitom 

, vn6 these fit into castings, one of which, a, is 

d into the ground, Ihe other, n, bolted to an overhead 

I, details which arc shown in Figs. 9 and to respcc- 

rcly. As ihc effect of the strains is to displace ihese 

^ings horiiontaliy, ih'-y arc sc'cured to stone or timber 



Fig. 9. 



below, and lo timber above, into whidi tJM7 tat jogged hf 
tbc beings a a, or other equimleot*. Pr cq on iU y Suign 
arc cast at the sides of the top p'laie to eabmx tbc cf%e» 
if the timber iieam, with the some purpose. 
The rastenin)j<i of the dcrrtcks arc of a dAta^ efaancter, 
: lo the hinging of the jib, am) ta Urn ovntmd baa 
; replaced t>y guys wtecb come back lo the groood. 
Is of the derrick castiagi and pnotUKi mk shown, 
for the foot of tbc matt h Fip. ia-14, and iboae far 
top in Figs. 1 5 and 1 6. 
Figs. 11 and 13 comprae lide aad end dcmioai of the 
itaiD connection. Kig, 14 ■ * pta al the tfcp oc bue «. 
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This is made of Ui^e diameter, ia order to give an unyield- 
ing area to resist pressure, the proportions arc massive, and 





strengthening ribs are cast on it. Its boss receives the pin 
on which the mast turns, and vertical ribs receive the two 
timber sleepers b b by which the crane is counterbalanced) 
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and which receive the lensile stresses transmitted through 
the guys or backstays. Sometimes instead of ribs, a 
socket is employed. The casting c maintains the timbers 
D D of the mast at the proper distance apart, and the 
pin, which is fitted tightly into a hole drilled in its boss, or 
in cheap derricks is cast in, pivots in the boss in a. The ribs 
receive a portion of the thrust of the jib, the socket of which 
is pivoted with a little side play between the lugs in front, 
on a pin passing through the tugs. 




Fig. 14. 



I'he top casting, seen in elevation and in front view at a 
in Figs. IS and 16 respectively, maintains the timbers at the 
right distance apart there — distance pieces being inserted 
at places intermediate. Fig. 11, p. 12. This casting also 
carries the two pulieys, for lifting and derricking. At the 
top of the casting a. boss a, receives a turned pin b, cottared 
into it, upon which pin the forgings cc which receive the 
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tnds of ihe bacltslays or guys are pivoled at right angles. 
T^ cap snd cottar al»ve maintain these in place. I'he 
metal in ihese fittings is massive, the stresses being severe in 
ihc backstay sockets ; the stress on the pulley lugs is tensile, 
which explains why the metal is massed there. 

This type of post, and also that in Figs. 9 and 10, has in a 
targe degree given way to posts of iron and steel built on 
the same type, particularly in the heavier cranes, in which 





I two channels, or two lattice-braced beams talce Che pkce u( 
■ the two timber beams. Castings are stiil necessary at top 
and bottom for the pins, and castings are bolted on ihe 
boms to carry the gearing. Such posts are used for the 
furgv, and foundry, and quarry types of cranes, as well as 
the larger derricks. 

11 by far the larger number of cranes made, the l>ost 
I cannot be supported with a Cop pivot, but must be self- 
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contained and self-sustaining, being either pivoted in iu 
base in rare cases only, or fixed in its base. Then the total 
effect of the stress both of the crane and its maximum load 
at maximum mdius has to be calculated as a bending 
moment across the section at the ground line, or the line 
from which the cantilever starts. In many cases, as in the 
portable cranes, the post goes down but a few inches lower 
than this — sufficient to secure it in its step ; but in many (tf 
the fixed cranes, as in those of the 
wharf type, it descends several feet 
below into a foundation socket, 
or step. In either case the ideal 
form is that of a cubical parabola. 
The earliest self-sustaining posts 
were of cast iron, and a very early 
and persistent form comprised 
post and cheeks cast in one, a 
type which, though nearly obso- 
lete now, has nevertheless many 
points in its favour. The great 
objection to it was that the post 
was laigely in tension, the most 
unfavourable for cast iron ; yet 
all the hinder portion from the 
ground upwards and the lugs for 
the tie rods were in that con- 
dition of strain. Consequently 
many of these broke olT at dif- 
ferent periods at various sections from the ground line 
upwards, in spite of the fact that the metal was J in. or 
more thicker at the back than the front. 

Af^cr these came the circular post of cast iron, Fig. 
17, a tyiK used much for wharf and warehouse cranes, 
ranging in power from about 15 tons down to i ton. The 
attachments are made in various ways to such posts as these. 
In the smaller sizes of a ton or two of power, the jib may be 
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mto lugs cast on the post just above tlie ground 
i post in this case slewing along with the jib. In the 
1 tues a roller frame, p. 65, generally encircles the post 
it sibove the ground line round the turned belt, and the jih, 
fof iron ot timber, is stepped into this. The frame is sustained 
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Posts of oA inn bnr not pUTOl way reliable, inan]^ 
caes of faaarc hawing occurred, even though the metal 
lus been fram >| to 3 in. thick, at and near the ground line, 
in 6 ton, and in 10 tm cranes respectfrdy- These posts 
r, and die metal along the top is often 
liable to be a little spongy and 
open ; to compertsate for which 
an extra J in. of thickness has 
been often added there. An 
advantage in cast iron in the 
Ugfater class of wardiouse cranes 
is that li^ and cross-heads can 
be cast in one with the post 
more che^y than they can be 
aftowards fitted. Against this 
roust be set the drawback that 
the fracture of a lug involves 
throwing the whole post on the 
scrap he^ These are sufficient 
explanaticMis of the (act that 
cast iron has been largely dis- 
placed in favour, first of wrought, 
and later of steel for posts. 

Fig. 18 illustrates a solid post 
of wrought iron or steel, as 
^ in a fixed wharf or ware 
bouse crane. Here the post is 
sustained at the ground line 
I a base plate a, within the 
boss of which it is keyed, 
and the foot is carried in a 
footHtcp casting n stepped into a foundation plate in the lai^er 
rraiicii, lec Chapter VI., pp. 76 and 79, both plates being of 
rnit iron. An immense number of such posts are in use. 
'I'hcy coat more than those of cast iron, though the difference 
it luNi now than formerly, thanks to the use of mild steel, but 




Fig. 19. 
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P ftcy are absolutely reliable. The steel works supply ihe 
rough forcings, which have then only to be turned round 
Wk bdi where the post fits into the plate a, round the 
loUet belt, at the bottom, and at the top on which the cross- 
hiad rotates, the position of which is indicated at i. 

In a special kind of warehouse crane, — the independent 
type, in which there is no deep foundation, the post a, of 
wrought iron or steel, Fig, 19, is stepped into a casting 1 
with a spreading base of from 3 to 4 ft. in diameter, Ar 
ottter sleeve c, — not the true pwist, 
— ibotigh it appears lo be so ex- 

IlemaUy, encircles this and carries 
the FoUers round the belt, and the 
top drum and tie rods. 
Id portable cranes in which the 
post cannot come lower than the 
truck, the construction shown in 
Figs. 30, 21 is employed. Fig. 10 
is made in cast iron, Fig. ii in 
wrought iron or steel, but for the 
reasons just given the employment 
of cast iron is diminishing. Tht; 
writer has known several cases of 
fractuie of these near the top at the 
pan encircled hy the cross-head. 
A post of wrought iron or steel can 
also be made smaller in diameter 
than one of cast iron, which gives more room for other 
details. The post shown in Fig. 3 1 has a hole through it, 
which is necessary lo permit of the passage of the vertical 
shaft by which, through gears, the travelling motion is im- 
ported to Ihe crane. I'lie hole is bored through the solid post 
I with D-bits, boring from each end. The ends are bushed 

with brass to take the vertical shaft Posts are fastened into 
their trucks or foundation plates partly bj- making a press fit, 
partly by reinforcement with keys, or with set screws, Fig. 73, 
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POSTS OF STEKL. 

Ill ihc hori^onUl cranes, and in the Tiuna t!ie pONi is J 
nducnl to a mere pin, or pivol, Fig. 23, connecting ihe I 
nt-ulving superstructure a to the Lravelling base or truck p ; I 
ihe w«ighl or a is taken on a ring of rollers between a am 

In the steel derricks the post or mast is built of rolled * 
channel secttoins, with angles, and lattice braced, as 



CHAPTER III. 
JIBS, STRUTS, AND TIES. 

The Brood Types of Jibs— Cantilever Jibs— Fairboim Jib— Strutted 
Jibs — Jibs with Ties — Stresses — ^Timber Jibs — The Single Member 
— Socket Fittings — Double Timbers — ^Their Fittings — Horizontal 
Jibs — ^Jibs of Iron or Steel — Raking Jibs — Forms of Construction, 
and Bracing — Straight, Cranked, and Bent Types — Fittings — ^Tie 
Rods — Stresses — Method of Attachment — Shoe Castings — Pulleys 
— Pins — Derricking Chains — Movable Jibs — Screwed Ends, and 
Eyes. 

Jibs, struts, and ties are grouped together because they are 
mutually dependent A jib, with a few exceptions, is not 
self-supporting, but is sustained by ties, or with struts. 
From this point of view various forms of jibs become 
grouped naturally under three broad types — ^the cantilever, 
the strut supported, and the tie supported. The first are 
not numerous, the second only moderately so, the greater 
number of examples come under the last-named head. 

Cantilever jibs are used chiefly on some forms of long- 
armed cranes, usually of the travelling tjrpe, with or without 
provision for rotation, as on the Brown cranes and related 
types, and on some Titan cranes. Having no extraneous 
support they are built of girders of semi-parabolic outline, 
Fig. 25, — semi-parabolic, because a trolley has to run 
along them, and therefore a level track is necessary. These 
girders may be likened to a parabola divided down the 
longitudinal axis, the two halves being placed side by side 
with the hoisting chain or rope hanging down between. 
The girders are sometimes solid plated, but much more 
often lattice braced, as being a lighter and equally strong 
form of structure. The combined weight of the girders and 
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UoDey, «l<Hig with that of the load lifted, is counterbalaDced 
by the loading at the rear, od the other side of the centre a~a 
of the aaiK^ where boilers and engines, with extra ballast is 
also located, if required. Or two cantilever arms, as in some 
of the Brown cranes, counterbalance each other. 

These caotileva cnoes are nsoally of longer ladtns than 
other types, too long other for a raking jib to be milwy^^ 
or a stitfled )3x Thar fdnction is chie^ that at loodii^ 
varioos mitaials over large areas. The ladins m^es from 
50 to 100 h. to various aamples, over wbidi lei^ib the 
tnOcf b racked an ywhere from at or near the centre of the 
cmte, [ ^ ^''"f wp j«nl naieQinc ttM* Ina*! When socfa cranes 
an ilUd dso wiidi a tnvening motion, as is afanost innriably 
doo^and Mk a de Mi ug mwLiiien t, wfakfa b freqoent, tfae 
range m v md » vpy btgc The value of these craocs^ — 
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The jib which is sustained by a strut is generally of the 
horizontal form, a form which in a number of cases is alter- 
natively supported by ties. A raking jib is also a strut 
because subject to compressive loads. But a strutted jib of 
the horizontal form is not only subject to compression, but 
to bending, the particular kind of bending being governed by 
the position of the strut, and the location at which the load 
is lifted. If the strut meets the jib at a considerable 
distance inwards and the load is lifted at the end, the over- 
hanging portion of the jib will be subject to bending as a 
short cantilever. If the jib has a racking carriage, then the 
load being hoisted at any positions intermediate with the 
end and the post will produce bending moments, the in- 
tensity of which will vary with position, but the calculations 
will be made for maximum stress midway between supports. 

Jibs with ties, — the most numerous and important section, 
— include examples from cranes of the shortest to the longest 
range made, from the little wall, and warehouse cranes to 
many Titans, and Temperley transporters, and immense 
wharf cranes. The method of supporting a jib by ties or 
tension rods, or chains has the merit of simplicity. The jib 
is much lighter, conditions being equal, than when it has 
to be self-supporting, and the absence of struts leaves the 
maximum head-room possible beneath, while in jibs of great 
length struts cannot be used, but the alternative is a heavy 
cantilever. 

In crane jibs of the raking type, and in struts, the stress is 
theoretically considered as compressive. But owing to their 
great length they must be taken as coming under the head 
of long columns that would fail by bending. A jib never 
ruptures by crushing, but failure by bending is not in- 
frequent, an accident to which this member is specially 
liable by reason of the rapid slewing motion. This is often 
performed at a high speed when a crane is fully loaded, so 
putting a heavy side strain on the jib. This member there- 
fore bends in this direction more frequently than it does in 
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e venkal, a fact which is amply provided against in the 
' best designs. 

The simplest and oldest jibs are of timber. They are 

chieOf used in tht: wharf cranes, in the horizontal jib type 

, of cranis, and in the derricks. In some of these of ihe 

; type ihey consist of a single stick of timber only, 
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an octagonal jib is cut circularly at tfie ends to enter cir- 
cular sockets. Wboi s single stick of timber is used, 
stef^ted into sockets at top and bottom ; the first named, 
shown in Hgs. a6 and 37 in plan and elevation, carries the 



K^ 37 and 38. 

chain pulley ; the second. Fig. 28, fits by a pin between the 
lugs or sockets cast either on the crane cheeks, or the 
roller frame, or the footstep cast to receive iL The bottom 
pin is in shear, loaded with the full load transmitted down 
the jib. The pulley pin is generally in shear, but if two or 
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more pulleys are on one pin, the pin is subject to bending. 
It may or may not transmit the full load on the jib. In 
Fig. 27, for instance, a good portion goes through the tie- 
rod pin, while in Fig. 29 the compression goes to the jib 
through the casting, and the pin does not feel it 

The sockets are castings tapered to receive the tapered 
ends of the jib, over which they are driven with sledges. 
The object of rounding the edges of the mouths is to avoid 
sharp angles in the timber at the shoulders a, which would 
be a source of weakness there. The timber ends should be 
well saturated with thick white lead paint before insertion 
as a preservative against dampness, the great enemy of 
timber. A jib begins to decay from this cause in the 
sockets before it does elsewhere. At the first driving, the 
timber does not go right to the bottom, because a litde 
shrinkage is almost sure to occur in time, and it is desir- 
able that the fitting should never become loose. 

The single piece of timber occurs in many of the derricks, 
and in certain types of wharf cranes, the two timbers in the 
larger derricks and wharf cranes, and in horizontal jibs. 

When two timbers are employed they are either parallel 
or cambered ; — parallel when the jib is horizontal, as happens 
in most cases, when the trolley runs along on the top of 
them, and the chain falls between. They are cambered in 
some wharf cranes. The two timbers are stepped into a 
socketed casting that encircles the iron post ; and are con- 
nected at the top with another casting. Fig. 29, that receives 
the chain pulley. The gearing is then carried in cheeks. Fig. 
^i, p. S3» t^a^ ^^ bolted to the jib at a convenient height 
above the ground line. Distance pieces maintain the timbers 
at the proper distance apart. Such a jib is well adapted to 
resist the lateral stresses that occur during rapid slewing. 

The horizontal type of timber jib consists of two pieces 
arranged parallel with a clear space between. They are 
mainlined at their proper distance apart at the ends only, 
To Xw clear room for the racking of the liftmg cham to 
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various radii. At the rear end they are shouldered into the 
mast and connected therewith by means of bolts, see Fig. 10, 
p. 12; at the front end they rest on shoulders cut in the ends 
of the strut timbers, and a distance piece there maintains 
them at their proper position asunder. Rails are bolted on 
the top edges to take the flanged wheels of the racking 
carriage or jenny, and brackets are bolted on at each end 
for the chain pulleys. 

Timber is not, however, suitable for very large cranes, 
and its employment has diminished since the introduction 
of mOd steel has given us large rolled sections. Timber 
jibs are seldom used on cranes of over 5 tons power, 
occasionally they are put on lo-ton cranes. It is most 
suitable on cranes of a few hundredweights capacity ; and 
red deal, pitch pine, or oak are used. 

Timber-framed cranes with horizontal jibs and raking 
struts are not safe and suitable for foundry and forge service, 
and these are therefore generally built up of steel plate and 
angle. The three members, — post, jib, and strut, — are flush 
jointed, with covering plates riveted over the joints, and 
the inner and outer edges are stiflened by the riveting of 
angle sections all round. 

In some cheap, light, hand warehouse cranes the jib is 
simply a round bar of iron about 2 in. in diameter, curved, 
and the post and tie are formed of similar bars. The jib is 
supported about the centre by a bar strut, or by struts 
formed of a ring or rings of iron. In another simple form 
the jib is made of two flat bars of iron bent, and the post 
is similarly formed. In both cases distance pieces maintain 
the bars at the proper distance apart. In some small and 
cheap cranes a single I joist section only forms the jib, 
being stepped into castings at top and bottom, into which 
they flt loosely in the first place, and are secured with iron 
cement, the design of the single timber jib being embodied 
in metaL 

After these, the simplest jibs of iron or steel are built of 
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Fig, 38, The first is rather cheaper, but it has to be strutted, 
while the bent jib is selfsustained. 

The cranked jib, the strutting of which is shown in Fig. 36, 
and the jointing to a larger scale in Fig. 37, is more easily 
made than the bent type. It resembles traveller girders 
constructed of timber or of parallel steel joists, see Chapter 
VIII., p. 99, in the fact that the strains are transmitted from 
the jib A through the strut b to the tension rods c c, going 
to the jib foot and head respectively, and D going to the 
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head of the side frames. These connections must therefore 
be strong and well made. The jointing is with a broad 
gusset plate e coveting the joints of aa, b, and castings f 
fitting in the channel sections ; castings, joists, and gusset 
plates being all riveted up together. A boss c on the large 
castii^ forms the bearing for the pin of the pulley h, which 
conducts the chain or rope from the lifting drum to the 
pulley at the jib head. This pulley H fits freely on its pin — 
sliding along it from one side to the other as the chain or 
rope winds from end to end of its drum. A casting j, or a 
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forging is fitted into the head of the strut b to take the pin 
over which the tension rods are looped. 

The bent jib, Fig. 38, is of a composite type in which 
the fitting of the tie rods at some distance away from the 
end leaves the ];x)rtion between the anchorage and the 
foot in compression, while the length beyond the anchor- 
age is subject to bending as a cantilever. The jib is 
widened at the dividing section to afford strength to the 
cantilever end. The cutting of the hole for the pin and 
its boss does not sensibly weaken the section, since this 
metal is removed at and near the neutral axis. 

Here, where four angles have to be bent and each pair 
of bracings differs in length and in angle from the others, 
it is easy to get the jib atwist unless the work is done 
carefully. It is marked out to actual size on a floor, and 
measurements taken direct, and the bending checked 
therefrom. At top and bottom the angles are united and 
stiffened with broad plates riveted to them, and castings 
are fitted within these to receive the pins for the foot, for 
the lifting, and the guide pulleys respectively. This is a 
derricking jib, to which further reference will be made 
directly. 

The fittings of iron and steel jibs are generally cast, in 
some cases they are forged. They consist of brackets, 
feet, or shoes, pulley, pin, and tie rod bearings, — varied 
much with the class of crane. They are mainly in compres- 
sion, and sup];x)rted more or less by the framing. 

In many cases the bottom casting serves the function of 
a roller box, which may or may not pivot, depending on 
whether the jib derricks or not (see Chapter V., pp. 66 and 
67). The top casting often contains the jib pulley, more 
often separate castings are employed, details of which are 
shown in subsequent figures. 

The function of the jib is to carry the pulley or pulleys 
over which the chain or rope passes from the hoisting drum 
to the hook. The shapes of pulleys are illustrated in 
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Chapter Xlll., p. 164. but ihc method of rigging them up | 
belongs properly to the present section, As, howe\er, they ] 
are often carried in ttie same castings as those to which 
die lie rods ate anchorwi, and as the fitting of the pulleys 
and lie rods arc taken in hand simultaneously, we 
postpone remarks relative to the pulley fittings until the 
methods of attachment of tie rods, to be now considered, 
hare been disposed of. 




^'ig. 39. 

Tic rods are variously arranged, Iji jibs of average 
kngth one pair of lies suffices. In those of great length 
tnofc are necessary to support the jib both at the ends 
aad al intermediate positions, and the king posts neces- 
sary for their attachment have to stand up to a great 
bc^ht in order to get an angle large enough from the 
huriiooial for a proper transmission of the tensile stress. 

The rimplcst tie is that shown in Fig. 39, in which 
one lie rod supports a bar, used as a smith's cran^ 
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fitted in these castings, and recesses are cored out to receive 
the pulleys. These occur in the derricks, Fig. 26, p. 25, 




m 
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and in some of the wharf cranes, Fig. 29, p. 27. Everything 
at the jib head is then included in one casting, which sim- 
plifies the fitting up. 




JIB-HEAD FimNC& 

In some cases .1 single casting at top, and one at bottom 
unites the sides of a steel jib, but generally S4.-parate ones 
are used for each cheek. Fig. 40 illustrates one :>■?€ of jib- 
foot casting, fitted within the channel a, or to a built-up 
s<K:tion. The hole encircles a turned boss on the front 
roller frame which fits between the crane cheeks, see Fig. 74, 
p. 67. It is equally suitable for a fixed or a dcrricking jib. 
The bearing is divided with a cap, but many of ihis class 
have the hole bored in the solid. The lug shown in Fig. 
40 receives the tension rod, coming down from the strut of 
a bent jib. 

In jibs buiti of sections, or of angles and lattice bracing, 
it is not usual to make the jib-head casting do duty for all 
fittings. There may in some cases be several castings, as 
the pulley bearings, with which the tie-rod anchorages are 
included, besides which there are other castings for the 
anchorage of the bight of the chain when a snatch or return 
block is used. If the jib is cranked, or curved, the tie-rod 
anchorages are quite distinct from the pulley bearings, being 
fixed in a different position, see Fig. 38, p. 35, 

F^ 41 shows a simple jib-head fitting for a chain pulley. 
Two pieces of steel plate a \ are bolted between the H 
sections, and cranked to receive a distance piece it, 
which also prevents the chain from jumping outside the 
pulley. Two castings c' c' are fitted outside, and bolts pass 
through A and c', which are bored in place to receive the 
pulley pin D. The castings are prolonged into bosses c', 
over which ibe tie-rod eyes fit, and on which they are 
retained sideways with washers k e, Frequently instead of 
filling separate plates a a, in the manner shown, the jib sides 
are extended, and the flanges cut away to the distance to 
which A A extend be>'ond the end of ihe actual jib, and the 
web is set o%cr to receive the distance piece. In many 
cases also casting^i are litted instead of the steul plates. 

AVhen the lifting chain or rope comes to the jib pulley 
in it horixontal line, unless of considerable length, the jilxi 
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carries no supporting rollers. But when the chain or rope 
comes up in a line parallel or nearly so with the jib, the sag 
of the chain is taken on loose rollers in bearings fixed to 
the jib. The same device is necessary in jibs that are 
cranked or bent. A roller is seen at b in Fig. 38, p. 35, 
and at d in Fig. 29, p. 27, while the fitting of two brackets 
to carry rollers is seen in Fig. 32, p. 31. 

A detail of jib fitting is the shackle to which the chain or 
rope is hooked when lifting with a snatch or return block. 
The shackle c, Figs. s6 and 27, pp. 25 and 26, is hung from a 
pin which passes through one lug, or through a pair of plates. 
The first is the usual method of attachment in timber jibs. 
The lug must be long and strong, the cast iron being in 
simple tension. The second is adopted when the jib is 
built up of rolled sections, or of angles and bracing. 

When a jib is made to derrick, two rigid rods are generally 
attached at one end with eyes to the jib-head castings, — an 
example of which occurs in Fig. 38, p. 35. At the other 
they are furnished with looped forgings to embrace pulleys, 
and receive the pulley pins. The pulleys receive the 
derricking chains a that come from the derrick barrel 
within the crane frames. 

With few exceptions jibs and ties are rigidly fixed to the 
post. The exceptions occur in many of the light hydraulic 
cranes. In these the ends of the jib and tie next the post 
are fitted with rollers, which ascend or descend on the post 
under the control of the lifting cylinder. 

When tension rods are screwed at one end, as they are in 
overhead travelling cranes, and in some timber-framed jib 
cranes, it is most important to keep the bottom of the screw 
threads full to the size of the plain portion of the rod. In 
the case of eyes, the cross section on each side of the hole 
must be somewhat in excess of half that of the rod. Eyes 
are generally welded to their rods after the forging and tooling 
has been done. For this reason iron is preferable to steel 
for eyes and rods. 
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Solid Bearings- Several Bearings in one Casting. 



The cheeks of cranes are subject lo great variations in design. 
In small cranes they are of cast iron, in heavy ones, steel 
pUted. But many small cranes are cheaply made with steel 
plate, while for permanent way cranes, this type is always 
employed Plated work is much cheaper than formerly, and 
is more reliable than castings. Hut castings still cost less, 
because the bearings are in one with the frame, while in 
plated work the bearings must be prepared separately, and 
bolted or riveted on. But these are often cheaply fitted in 
the form of round bosses in place of the more expensive 
divided bearings. 

Cheeks are generally made separately, and united with 
distance pieces. But in some cranes, as the horizontals, 
ibcy are bolted down to the revolving bed, in others they 
are cast in one piece with it. Cheeks are single plated 
•nd ribbed, on one or on both faces in most cranes, but in 
the heaviest they are sometimes of the boxed form, being 
cored out 

The strains on frames are not usually calculated. They 
I ate (ubjectcd to all kinds of stresses in working, tension, 
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compression, side strain, vibration, &c., which cannot be 
properly estimated. A firm's own experience furnishes the 
data necessary for thicknesses. Frames have been broken, 
and thickened up in the weak |)arts, shrinkage stresses have 
to be avoided, and in this tentative way safe and standard 




Fig. 42. 

proportions are evolved for cranes of different powers and 
radii. 

There is no standard shape for frames, apart from a 
firm's own practice. The centres of the shafts give the main 
outlines. These centres being fixed by the gearing, control 
the main dimensions, and the rest is a matter of strength 
and taste. Curved outlines are often imparted to castings, 
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t plain ones to plated work. The parabolic curves 
« hoTuontals are neat and tasteful. A frames are comm 




in verticals and in hand crabs, and rectangular frames in 
power crabs. Balance cranes have a tail prolonged behind 
the checks to carry the balance box. These are sometimes 
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cast in one with cast cheeks, but are better if made of rolled 
channels and bolted to the cast frames. In plated cheeks 
they are formed of plate and angle like the other parts. 

The following are the principal designs of cast-iron 
cheeks : — 

The simplest self-contained cheeks, that is, those which 
are independent of extraneous support, not being fitted in 
any fashion to plated or timber work, are found in the 
common crabs and winches, that are bolted down to timbers, 
and in which the bearings are solid, /.^., formed by drilling 
holes in bosses cast in the frames. The typical crab 
framing is A shaped, Fig. 42, very light and flimsy, being 
sold cheaply, and used for hand work only. The weak web 
is stiffened with fillets cast around the edges on both sides. 
In the common class of frames the shafts run directly in the 
iron bearings, a, a, a, in a better kind the holes are brass 
bushed, which is desirable because the bushes can be easily 
renewed when they wear. The distance pieces by which 
the frames are kept at their proper distance apart are simply 
round double-ended bolts with collars or shoulders, passing 
through the holes ^, ^, ^, so that there is little rigidity in these 
frames away from the timbers to which they are bolted. 

The cheeks of the cranes proper are either of high, or 
low type, namely, " vertical " or " horizontal " respectively. 
Taking the verticals first, these are built with some approxima 
tion to the A shape. Figs. 43, 44, but much modified in the 
various classes of cranes which are designed. They are 
large, ranging from about 4 ft., to 7 or 8 ft. in height, and 
from i to ij in. thickness in the web. They are ribbed 
on one side only, — the outside, or on both sides, the choice 
being a matter of taste. The bearings are nearly invariably 
of the divided type. Even when bearings come within the 
frame, a recess is often cast for the fitting of the cap and 
brass. Brasses are usually fitted, exceptions occurring 
in some of the cheaper hand cranes. The frames are 
used in conjunction with a central post, see Chapter II., 
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pp. 1 7, 1 9, and so, and are maintained at the proper distance 
apoft by cross girders, which fulfil other functions, as that 




of roller frames for slewing the entire superstructure round 
the post, jib sockets, &c., and as post heads, taking and trans- 
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mitting the load of the revolving superstructure to the 
post. Facings are cast on the inner sides of the cheeks or 
side frames to receive these cross girders, the ends of the 
latter and the facings being planed, and turned bolts unite 
them in one rigid framework which rotates round the post 
The lower edges of the cheeks come at a few inches' distance 
above the base, or truck. 

There are certain parts of these frames which are 
severely stressed, those most liable to fracture being the 
upper part of the frame to which the tie rod is attached, and 
the front lower portion that receives the pressure of the 
front roller. A good many fractures of these two kinds 
have come under the writer's observation. A good plan is 
to thicken the metal over these areas, making it J in. thicker 
there than elsewhere, and shaving it down to merge gradually 
into the general thickness. Another section which is strained 
severely is the area around the barrel shaft, also in tension, 
in front of the shaft, by an amount equivalent to the direct 
pull of the load. 

The cheek in Fig. 43, p. 45, belongs to a steam crane ; a a 
being the facings on which the cylinder foot is bolted, b is 
the bearing for the engine shaft, c that for the hoisting 
barrel, d that for the worm wheel and barrel used for 
derricking, e that for the anchorage of the rear tie rods 
which come to the tail of the crane, f is the bearing for the 
front roller frame over the curb ring. Three other frames or 
cross girders are bolted between the cheeks, at g carrying the 
back roll, at h with the two centre rolls, at j the girder from 
which the engine shaft clutches and gears are manipulated, 
and K which receives the top of the post, and the anchorage 
of the derricking chains. The bolt holes for these girders 
are indicated. 

Fig. 44, p. 47, is a cheek for a light hand crane, a and 
B are the bearings for the first and second motion shafts 
respectively, and c that for the barrel Two cross pieces 
only unite the frames, one embracing the broad face at 
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the bottom, the other fitting into the hole d near the top. 
E is the lug for the anchorage of the jib tie rod. 

In what are termed the horizontal, or low type of cranes, 
only applied to steam cranes, and to electrical ones built 
on the same model, the frames are considerably reduced 
in height, and are cast in one with the roller frames, 
except in the more powerful cranes. The alteration in 
height affects the design further ; — as in setting the engines 
horizontally, and bringing the gears low down, which in- 
volves lengthening the superstructure at the rear to re- 
ceive the engines and their connections. One of these 




frames is seen in Figs. 45-47 in elevation, plan, and cross 
section respectively. We here get a cored-out bed as 
the basis of the small cheeks, with which the cheeks are 
either cast solidly, or not uncommonly bolted on. The 
cheeks have sometimes been ribbed only, as indicated in 
plan in Fig. 46, but in all good designs they are cored out 
as in Fig. 47, leaving smooth plated faces both on inside 
and outside. Some of the later designs in this class of crane 
are very neat and graceful. 

In Figs. 45-47i a is the engine shaft bearing, b that for 
the barrel shaft, c that for the pin which carries the jib foot. 
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The jib feet fit between the spaces d d. The superstructure 
revolves round a pin in the hole b of the central boss. The 
faces F F receive the tail girders which rest on the lugs a^ 
and come up against the abutment strips d. The frame 
runs on the four rollers seen dotted in the plan view. 

Cheeks of cast iron are used for hand crabs, one being 
illustrated, in Fig. 48. The first motion shaft is at a, the 
second at b, and the barrel shaft at d. e e carry the axles 
for the trolley wheels, and f is the bearing for the hand 
shaft, by which the trolley wheel beneath is actuated through 
gearing. The metal is thickened in the vicinity of d and 




Fig. 48. 



below the hole where it is in tension, which cast iron is ill 
adapted to resist. 

Cast-iron cheeks which are not independent, but are 
attached to timber, are illustrated in Figs. 49 to 52. Fig. 
49 is extremely simple, and is found on the posts of triangular- 
framed cranes, carrying the barrel. The castings are abutted 
only against the timber, and the bolts pass right through 
the latter. To prevent the cheeks from becoming shifted, 
a joggle is usually cast to fit into a mortice cut in the 
timber, so assisting the bolts. This method of fitting is as 
a rule only suitable for hand cranes. 
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CHEEKS ATTACHED TO TIMBER. 
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Fig. 50 is a methcxl of fitting taken from the mast of a 
derrick crane. The bearings are merely dead eyes bolted 





Fig. 51. 

on the edges of the mast timbers. They carry the gear 
shafts, and the shafts for the derricking and the lifting 
barrels. Joggles are cast on to 
assist the holding power of the 
bolts. 

Fig. 51 is a cheek which em- 
braces the jib timbers of a wharf 
or quarry crane, and carries the 
first and second motion shafts, 
and the barrel shaft; Fig. 52 is 
a bracket that is bolted to a wall 
to carry the single gears and drum, 
used for light cranes of the smithy 
and foundry types. The crane 
jib, see Fig. 39, p. 37, is entirely 
disconnected therefrom. 

The second class of cheeks, 
those made of steel plate, are de- 
signed in various styles, though 
plated work does not admit of so many diversities in form 
as cast does. 



s 



Fig. 52. 
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case angles are riveted to the plates, and the meeting comers 
should be welded, and not abutted merely. 
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Fig. 56. 
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Fig. 57. 

The bearings for the shafts differ in form when they are 
CAst with checks, or bolted to plated frames. Taking the 
litst nAmcd, examples of solid bearings or dead eyes are 
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en ioFlgs. 41,45,48,49, 50, 51. But the divided bearings 
t preferable, and these are usually of a simple type, details 
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of which are seen in Figs. 58-60, each of which is fitted with 
I, which is usual in good practice. 
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In Fig. 58 the btame s have sbouldefs or flanges. To 
pmmt them timing roond in tibeir drcular seadngs, a stud 
a catst oa ooe bnss, enterii^ into a dril^ hole in its 
seadng. An oO cup b cast on the cap. Studs are used to 
bold the cap down. In Fig. 59 the brasses have no flanges. 
Both, theicfoie, have stods to prevent tbem from sliding 
eodvise. In Fig. 6ol, the cap has no check, but abuts simply 
on the bee of the bearing and the brasses are divided at 




Fig. 60L 



an angle. In many bearings the top brass is square, and 
the cap is a plain plate of steel, a design which is adopted 
for many heavy bearings in high-<Jass work. 

The cast bearings fitted to plated cheeks are variously 
made. The following are the principal methods which are 
adopted for fitting such bearings. 

The simplest occur chiefly in hand cranes, and consist of 
a cast-iron boss of circular or other shape, bolted to the 
face of the cheek, and partly recessed into it, as in Fig. 61, 
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i being turned on the casting of about the same thick- 
B the plaie, to fit the hole bored in the plate, 

bearings cannot become displaced. The only 
n to their use is that na provision exists for closing 
t found their shafts to compensate for wear. But as 
ibcy are generally brass bushed, as shown in Fig. 6i, it is 
easy to renew the bushes. 

Then; is a second objection, which, however, carries weight 
chiefly in the larger, more complicated cranes. It is that 
the shafts can only be withdrawn from their bearings end- 
wise, when pinions or other parts require renewal, and the 
loss of time involved thus causes inconvenience. In the 




r class of cranes, therefore, when single bearings are 
I attocbed to plated work, provision is made for adjusting 
bearings and removing shafts by means of caps and brasses. 
The pauem bearing is first fitted round the angle iron which 
forms thi: edge or fillet of the plate, and the casting is bolted 
both through the angle and the plate. If bolts are used for 
the caps instead of studs, the holes are cored to gel the 
rccvsses for the heads, and reamered for the stems of the 
bolts. 

Fig. 6j shows a circular bearing fitted near the edge of a 
frame, as in the top, or the bottom. This has to be fitted 
Tound the angle, instead of cutting away the latter, which of 
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course would be inadmissible. Fig. 63 shows a bearing 
fitted against an angle at a straight length, as for a winch, or 
barrel shaft The boss still goes through the plate, as in 
other cases, to assist in steadying the casting. 

Frequently it is practicable to include two or nnore 
adjacent bearings in one casting bolted to the edge of a 
plated cheek. This method is extended in other cases to 






Fig. 62. 



Fig. 63. 



the casting of cheeks to include all the bearings required, 
this case being paralleled by those cases previously illustrated 
embracing a post or jib of timber, or plated, an alternative 
to bolting castings on opposite edges. In some instances 
again large cheeks, quite distinct from the rest of the crane, 
carry all the gears, and the cheeks are reduced to horizontal 
channels, or built-up sections of channel or H section. 




Fa&ctia«w of CtcMS Girders — Tlie Case of lloriionlal Cruies^Filling 
0* Ginlcn and Checks— The differenl kinds of Girdeis— Post 
Ilads— RdUct Frames— The Single Frame— Separate Frames or 
Biwes— Ftonl Roller Box— Back Roller Frame— Centre Roller 
>s of Live Rollers. 



The lai^r cheeks, whether of cast iron, or plated, have 
to be mairttained at a definite distance apart by stretchers 
Of cross girders, some of which also fulfil the function of 
ftatacs or bearings for the rollers by which the slewing is 
iwribrmed. It is seldom that a simple stretcher is used 
without utilising it also for some other function, if only to 
carry a boas for a lover. The simplest stretchers are the 
nwnd bolts used for maintaining the sides of small crabs 
kpart. WElh this exception, most, excepting those on some 
of the heaviest cranes, are of cast iron. 

As stretchers, or girders, and cheeks should form a 
practically solid whole, slewing as one piece, this is ensured 
by excellence of fitting together. An L'xception occurs in 
the boriiontal cranes in which the cheeks and roller frames 
«c usually in one casting, see Fig. 46, p. 49, though in some 
of these when of heavy type the roller frames are m.tde 
atfomtelj from the cheeks. 

Wh(9i cheeks are bolted up to cross girders, the ends 
of the btttn- are planed to fit against planed faces on the 
fhfffci, and turned bolts passing through reamered holes 
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1 crxae «:£ :faf smae gbbcz lengrit^. 2nd tiEieir Jirrrigs on the 
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atd the ^cxogis plazied at one 
<rtrfing of d&e tooI» in aaoiher opera- 
QQix SO thoc DO nesettiqg of work or 
cools are oecessanr. 

An ai«n^ ctane maj leqniie from 
rKY> to four or ttte cross girders. 
Thos^ the chedcs in F^. 44, pi 47, 
require tva» those in Fig. 43, five, 
neither of which is a fdain stretcher, 
bat fulfils some other duty. The 
principal girders in a crane are the 

post head, and the roller boxes. The first has the weight 

of the superstructure to carry on the post in some cases. 

In others the load is carried entirely on the rollers, and 




Fig. 65. 
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the post head simply steadies the top of the crane, and 
transmits the transverse strain or pulling strain of the crane 
to the post head. Sometimes tie rods pass through the 
post-head girder, which affords them a good anchorage. 

Figs. 64 and 65 illustrate a post head which sustains the 
entire weight of the superstructure, and receives the two 
tie rods that go to the head of the jib. It fits the side 
frames in Fig. 44, p. 47, the studs a a at the ends entering 





Fig. 66. 

the holes d in the side frames, and bolts unite the head and 
frames through the round flanges, b b are the holes for 
the tie rods, which pass easily through them, with not less 
than J in. clearance, c is the hole into which the top of 
the post enters, and having a hole above for lubrication. 

Figs. 66, 67 illustrate another of a different class, though 
of the same type, namely, that which sustains the weight of 
the crane. This crane has no side frames, but the cheeks 
and gears are on the post, and the latter is stepped into a 
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roller casting that encircles the base of the post, see 
Figs. 17 and 18, p. 17, and turns round it This castii^ 
is sustained by tie rods passing through the holes A A in 
Figs. 66 and 67, and ts hung there- 
fore from the post, while two rollers 
in front are the means by which it 
slews. The holes b b receive the tic 
rods going to the jib head. Fig. 68 
is [he centre of a post head in which 
the weight is partially taken on the 
roller path. The head encircles the 
post, but there is no great pressure 
on the end. More often instead 
of using a loose plate like that shown 
above, the hole for the post is cored only a part of the way 
through the girder, but this leaves no means of compensa- 
tion as the rollers and path wear down. 




Fig. 67. 




Fig. 68. 

Rollers are carried 
patterns. Fig. 69 shows a case in which no separate fnune 



ROLLER FRAMES. 



it used, the roller pins fitting into lugs cast in the post, the 
latter being illustrated in Fig. 19, p. tS, 




In the simplest cranes one roller frame suffices, in the 
la^er sizes three or four frames are required. Figs. 70, 71 
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H"i*»»ff one of ibe fiist-iumed type, canying four rollers, 
onnii^ round die post a, so that in this case the weight of 
fae cnne is snsained on the top of the post 
This fnme fits between its side Iranies by the Taces 6 B. 
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The jib feet are socketed into the seatings C C, which receive 
the thrust due to the load ; pins that pass through the holes 
D D simply prevent the feet from movement in their sockets, 
and do not take any stress. At the hinder end a flanged 
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, IK cast with the Frame to receive the foot of a 
tandaid which carries bevel gears for slewing the crane. 

The second -named type, that in which more than one 
toUer Tnune is required, occurs in the larger cranes. A 
mmoQ example is shown in Figs. 72, 73, in vertical 
Iscction, and in plan respectively. In Ihese Figs, a is the 
I pvSL, R B are the checks, and C the roller path and curb ring 
I combined. There are four rollers, the front d, the back 
me R, and the side rolls vf. d and e travel on the roller 
I path, rr steady the crane round the post. In larger cranes 




Fig- 74- 



side tollers often run on the path also, hut on its Hal upper 
face. The three roller frames ate indicated by the Idlers 
G, H, andj; being front, hack, and middle respectively. 
The gilder k is a combined strelcher, and bearing for the 
shaft of the pinion L, that engages with the curb ring c. 

The front roller D receives practically the whole of the 
Urea. Its frame or box g is shown separately in Fig. 74. 
In turned tiunnton ends a a enter the cast-iron bearings 
M U in yi^ 75, which are riveted to the steel frames, but 
out with cast frames, as at f in Fig. 43, p. 45. The necks 
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marked;^ 3 are encircled by the jib feet, one form of which is 
illustrated in Fig. 40, p. 39. The interior of the box c is 
cored out to take the roller, the journal of which runs in 
brasses fitted into the square seatings cc. 




© 



Fig. 75. 

The back roller frame h, is shown in Fig. 75. It is bolted 
by its flanges between the side frames, and the roller either 
runs in plain bored holes, or in a top brass, the space for 
which is seen cored in Fig. 75. 








Fig. 76. 

The centre roll frame j is seen in Fig. 76. It carries two 
rv>Uors» the pins for which fit in the holes in the axis of the 
CA$tii\g« A facing is shown at a, to receive a bearing for 
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a slewing pinion, this arrangement not being illustrated in 
the general view, Fig, 73; 

Stretchers which do not serve the purpose of heads to 
posts, or frames for rollers, cany lever bosses for slidii« 
gears on engine shafts, and other minor functions. 
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In the largest cranes of all, roller frames are abandoned, 
and rings of live rollers running between paths of conical 
section take their places. Fig. 77 shows this arrangement 
as applied to a Titan crane. The main rollers a revolve on 




Fig. ?9. 



the ends of the radial rods, which are fastened to a centre 
casting b, and the rollers run between the paths cc, screwed 
to the top and bottom circular girders dd. Intermediate 
rollers e are simply carried between the rings f f, which 
maintain them in proper radial relations. An enlarged 
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sec^on of a path is shown in Fig. 78, and one of a roller in 
Fig. 7^ The path is formed of steel bar bent to the circle. 
It should properly be turned after bending, but when no 
lathe large enough is available, such paths are planed to a 
bevel first, and curved afterwards. The rollers are iron, or 
steel castings, and the holes shown at a a, of which there are 
four, are for getting the core out through. Only large 




Fig. 80. 

rollers are cored out thus, those of medium diameter being 
dished in the way seen at d e, in Fig. 72. Those of small 
diameter are solid discs, as in Fig. 71. 

Sometimes cranes of large dimensions have a bottom 
roller path only, and then the rollers may be carried as in 
Fig. 80, in bearings attached to a circular girder. They are 
cast hoUow, and revolve on their pins, which are prevented 
from rotating by a nib next the collar. 



CHAPTER VI. 
THE BASES OF FIXED CRANES. 

Two kinds of Crane Bases — Two Classes of Fixed Foundations — 
Shallow Foandatioos — For Derricks — For Wharf Cranes — Deep 
Fonndatioos— Washer Plates — Standard Base Plate — Foundations 
for Ships' Cranes. 

The bases of cranes are fixed, or portable. In a fixed 
crane stability depends upon the foundation, in a portable 
crane on the relation whicb the wheel base, and gauge bear 
to the radius, and load, or to an artificial base formed by 
blocking girders, or to the holding power of rail clips. 

AVhen a base is fixed it is termed a foundation, when 
portable it is a truck, or carriage. 

Fixed foundations are of a varied character. They may be 
divided broadly into two classes ; those in which the post 
goes no further down than the base plate, or the ground 
line; and those for deep posts. Another division is that 
of cranes the posts of which are rigidly fixed, the super- 
structure alone revolving, and those in which the posts 
revolve, the superstructure being attached to and revolving 
with them. The latter is relatively a small class. 

Foundations of the shallow type are shown in Fig. 8i, 
as used for derrick cranes, a goes under the mast, and b b 
under the anchorages of the guys, a is subject to a down- 
ward pressure. At bb the tendency is to lift upwards or 
downwards, according to the position of the jib. When a 
load is lifted with the jib in line with a backstay, then the 
stay is in compression and the effect on the foundation 
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block is compressive. The foundations are of stone or 
concrete. The footstep casting of the post is bolted down 
on A, the tails of the sleepers are secured by the bolts which 
go down to the bottom of b b. The foundations are larger 
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Fig. 8l. 



and deeper for b b than for A, being 5 ft. square and 4 ft. 
deep for a 5-ton crane, with a 38-II jib ; the centres of the 
sleepen being 23 ft away from the post centre. 

The increase in the mass of foundations which is rendered 
necessary by increase in the size of cranes is illustrated 



74 HOtSTlNG MACHINERY. 

in the next figures 8> and 83, winch represent respectively 
those for the post and guys of a 30-bMi crane. The centre 
casting A for the post is embedded in a mass of concrete 9 




Fig. S3. 

ft. square and 4 ft. 6 in. deep. The sleeper bolts, Fig. 83, 
pass down through a mass 9 ft. square by 8 ft. deep, in which 
the precaution is also taken of sloping the foces inwards in 



Fig. 83. 

dovetail fashion. The bolts in each case pass down through 
the concrete to the bottom, through broad washer plates. 
The centre casting in Fig. 81 not only carries the mast 
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pivot, but also the slewing or curb ring, the latter being 
bolted down on the top faces of the half-dozen bosses 
distributed round the circumference of the plate. 

A common type of surface foundation used for wharf 
cranes in which the post is fixed, and the superstructure 
slews, is shown in Fig. 84. It is a circular casting laid 
upon concrete, or masonry, or heavy timber, and bolted 
down with four long bolts passing through the lugs a a a a. 
The &ce b receives the curb ring, and the centre hole c the 
post The stress on such a casting is constantly changing 




Fig. 85. 



as the superstructure rotates, the side next the load being 
compressed, and that opposite tending to lift. The bolts 
are calculated for tension, but the casting is designed to 
withstand mixed stresses, for which experience is the only 
safe guide. When such castings fail they generally rupture 
at or near the central boss, due to the leverage of the load 
at the post head. It is highly essential that the bedding of 
the base on its foundation is perfect everywhere. 

The usual pattern of deep foundations is that in which 
two broad plates, — the base plate, and foundation plate — are 
united with long bolts going down through concrete, Fig. 85. 



FOUNDATION PLATES. 



77 



The foundation plate a is buried deeply in this, and the 
base plate b lies level with the ground. Great depth is 
necessary to afford the required stability. The crane post 
c is carried down and stepped into the bottom plate. The 
stresses on the foundation plate are very severe, and the 
central boss is made correspondingly strong, as are also the 
plated portions, and these too are stiffened with deep ribs. 
The bolts are calculated for tension, and therefore work out 
of large diameter. 

The foundation plate is often omitted, and washer plates 
substituted, similar to those in Figs. 82 and 83. A washer 
plate is shown in Fig. 86 with its bolt head. The neck of 




Fig. 86. 

the bolt is made square to prevent it from rotating during 
the tightening of the nuts at the top. When foundation 
plates are used, cottared ends are often substituted for 
square necks on the bolts — an example of which is seen in 
Fig. 85. 

A standard type of base plate for light cranes and those 
of moderate power is shown in Fig. 87, in plan, and cross 
section, with the curb ring bolted upon it, and with a portion 
of the post The recesses for the nuts of the long bolts 
which are tightened with a box spanner are seen at the 
comers, compare with Fig. 85. The broad solid plate is 
well ribbed, which with its concrete bedding renders it very 
strong. 
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Cases arise in which neither concrete nor stone founda- 
tions can be made use of. Cranes put on ship board, and 
the floating cranes, are illustrations in point. Then the 
foundatioD goes down to the keel plates, or to lower decks, 
and vertical plates and diagonal bracings afiTord support 
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immediately beneath the base plate, as shown in Fig. 88. 
In ships' cranes the loads of which do not exceed 2 or 
3 tons, it suffices to bolt the base plate on the upper 
deck, and the footstep fw the post on the deck beneath, 
without using any bracing. 



.CHAPTER VII. 
THE BASES OF PORTABLE CRAxNES. 

Stability of Trucks—Angle of Upset— Methods of Construction— Trucks 
of Cast Iron— Plated Trucks— The Centre Castings— Completely 
Fitted Trucks— Cross-over Wheels— The Travelling Wheels- 
Wheels of Cast Iron— Chilled Wheels— Steel Tyred Wheels- 
Wheels for £>ouble Rails— Stresses on Wheels— The Bearings of 
Trucks and Axles— Axle Bearings— Toothed Gearing— Blocking 
Girders — Rail Clips. 

The trucks, which are the bases of the portable cranes, are 
siibject to much variation in design. But any crane is, or 
should be, calculated to lift its maximum load at maximum 
radius when the jib is in a longitudinal position, — that is, 
in line with the wheel base of the truck. Few cranes except 
those of very short radius, or of specially wide gauge, will 
lift similarly across the gauge, or at right angles with the 
first-named position. Between these two extremes there is 
an angle at which the stability of the crane becomes insecure 
— the angle of upset — with which the crane driver should 
be familiar, in order to know how far round he may safely 
lift without having recourse to artificial aids to stability, as 
rail clips, and blocking girders. Of late years the excessive 
use, or rather abuse, and the too frequent necessity for 
recourse to these fittings has been objected to, and as a 
result cranes are now demanded and supplied of more stable 
character, so that except in those of long radius, the lift in 
numerous cases can take place in any position, without re- 
sorting to the use of girders, or rail clips. 

The construction of trucks is varied in the following ways. 
Some few arc made of timber framing, with a centre piece 
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of out iron into which iht.- post is stepped. In many 
ttandard cranes of low and modcratu power, cast iron is 
u»«i wholly for the framing, including its centre boss, roller 
path, and axlo bearings. Bui in the best cranes of moderate, 
— and in all those of high capacity, — the framing is steel- 
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Fig. 89. 



platoJ with the centre only of cast iron, and the axle bearings 
are cast, and bolted on. Many trucks arc made lo perma- 
nent way requirements, wiih axle boxes, springs, buflfers, 
&C. Many are made with two sets of wheels,— one within I 
the other, — to adapt the crane to two different gauges. Soma J 
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are constructed with two sets of wheels at right angles, for 
cross travelling. 

A standard truck made wholly of cast iron, and suitable 
for cranes of standard gauge, — namely 4 ft. 8J in., and up 
to about 5 tons capacity, — is shown in Fig. 89. The bed 
is in effect a girder, supported on the axles at the centres, 
a a, — the overhanging ends being of no account. The 
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Fig. 90. 

bottom flange is in tension, the top one in compression, 
which explains the greater width and thickness given to 
the bottom flange over the top one. a is the facing on 
which the curb ring is bolted, bb are facings on which 
brackets are bolted to carry the shafts for the travelling 
gears. The bearings cc are cast with the bed, and fitted with 
cast-iron caps. Brackets above the bearings afford support 
to them. The brackets at the ends are fitted to support 
the bottom flanges there when blocking girders are in use. 
Fig. 90 is an illustration of a built-up truck as it leaves 
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the plating shop in readiness to receive its cast-iron fittings. 
It is typical of forms of the same general design, in which 
details are modified In the figure a a are rolled joists of I 
section. But in heavy cranes, though the same section 





Fig. 91. 

would be retained, the sides would be built up with plate 
and angles, as being a form that corresponds more closely 
with the nature of the stresses imposed, as may be seen in 
diagrams of moments of inertia for the I section. A bed of 
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this kind is seen in Fig. 93, p. 85. Sometimes the section 
is that of a channel, dther rolled, or built up, just as the 
ends B B are in Fig. 90. Rolled sections c c (or built-up ones) 
connect the sides a a, with angles a a, away from the ends, 
and in positions which are determined by the centre casting. 
Such a frame would in itself be subject to cross working, 
and require bracing, but for the fact that the centre casting 




F«. 93. 
rvndns it very rigid. This casting fits upon the top fiange, 
and biftwtcn the sides a a, and cross girders cc, — see Fig. 
g^, 'lite dotted outlines indicated at di simply denote 
vvvrr plates, covering those openings which are not occupied 
by the centre casting. The whole of this framing is secured 
by ri^-ets. 
Two typical forms of centre castings are shown in Figs. 
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91 and 92. That in Fig. 91 b designed for bolting on a 
tnick like that illustrated in Fig. 90, — its relation to the 
plated work being seen in Fig. 93. It is secured with bolts 
passing down through the holes seen in the plan view, and 
security depends mainly on these bolts, though a fillet a 
ag^nst each edge fits closely to the inner edges of the side 
girders. But the centre in Fig. 92 fits by the strips 
a a a down the entire depth of the girders, which in this 
case are of C section, and the top flange is reduced to a mere 
fillet b^ the edge of which fits on the top edge of the C 
section. The frame is secured to the plated work with bolts 
passing through its sides a. Both castings carry facings for 
the curb ring, the centre boss for the post, and a facing or 
facings for the travelling gears. It is usual to make the 
bottom flanges in Fig. 92 thicker than those in the top, but 
it b not necessary in a casting so well ribbed. The parabolic 
outlines of the ribs in Fig. 91 are a substitute for bottom 
flanges, giving a deep section where the stress is greatest. 

Fig. 93 is an external view of a truck a, built up with 
plate and angle, and fitted with its bed b, travelling gear, 
blocking girders, &c. The centre bed is of the type shown 
in Fig. 91. The curb ring c is bolted upon it, of a section 
shown in Figs. 142 or 143, p. 142. 

The bevel gears transmit the travelling motion derived from 
the upper portion of the crane, through the hollow post, see 
Fig. 21, p. 20. A shaft that comes down the post has the 
mitre wheel d upon its lower end. This drives e and the 
shaft F, on which are the pinions c o, each driving its wheel 
H, situated to right and left of the shaft f, and each keyed 
on its axle j. The shaft f is carried in the bearings k k, 
bolted to facing pieces on the bottom of the centre casting. 
On the axles j the tyred wheels l l are keyed, m m are 
blocking girders, supported in the stirrups n n. Buffers, draw- 
hooks, and chains complete the truck. The blocking girders 
and rail clips are treated at greater length at pp. 93 and 94. 
In the meantime a truck of another type is illustrated. 
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Vtg. 94 is a cast-iron truck fitted with two sets of wheels ; 
— Ibc tegular set A, and a special cross-over set B, used when 
the crane has to be transported to another set of rails which 
are not conncclfd with lurntahles. The cross rails are laid 
temporarily in place over the others, the crane being jacked 
up, oc lowered. In heavy Goliaths which are sometimes 
fitted in this way, the wheels alone are raised or lowered hy 

Jscrewjatks fitted to the bearings. In this example, blocking 
^rdcts c C are Sited, and also rail clips d d, for an account 
of which see pp. 93 and 94, 
The travelling wheels of trucks are variously made. They 
an; 




Fig- 95- 



an: of cast iron or steel, with arms, or solid plates. They 
are <rf wrought iron, built up like railway wagon wheels, and 1 
are made with cast iron, or steel ctnires, steel tyred. Cast- 
iron whwls arc only used for the cheap cranes of low powi 

Fig. 95 illustrates a cast-iron wheel suitably proportioned, 
but il is not a type to be recommended for any cranrs of I 
orer a Ion, or 30 cwi. power. The reason is that the , 
arms are very liable to fracture, either next the boss, or ncKt 
the riip. under the shocks of severe duty. They are better 
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if made in steel, but steel is subject to severe shrinkage 
strains which are a source of weakness. 

The proper form of cast-iron wheel is that with the solid 
plated centre, Fig. 96, in which the ribs may or may not be 
retained. They help to support the rim, and if omitted the 
web should be thickened. 

The treads of these wheels are subject to rapid wear, 
which is not equal all over, but produces deep grooves. 
This results in irregular running, and ultimately in fracture. 
If the rims are made thicker to leave allowance for re-turning, 




Fig. 96. 

then they become too thick to permit of regular and equable 
shrink^iige, and this is liable to set up internal tension that 
nuy |vroduce fracture in service. 

A device formerly employed to a greater extent than it is 
iK>w^ was to chill the treads, in order to delay the grooving 
AOlHU) cif the rsuls. Figs. 97 and 98 are illustrations of such 
wKeeb^ In the first the chilling is deep, hence the rim is 
ii%A\)e thWk to afford a good backing of sof^ metal, and the 
w\^ i5i nuiW thick also to ensure equal cooling. But such 
%Wei^ Aix"^ ivver trustworthy, being liable to fracture, — part- 
^f^ m KaIvcs kUk' to the extra shrinkage and tension round 
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B rim »et Up by chilling. The wheels in Fig. 98 are little 
bcncr, thou^ in theory ihe dishing of the web should offer ' 
litllc at no resistance to the shrinkage of the rim. When 




ibese ffacturi.' they fail by the web or the boss breaking , 
dean away wilh a circular fracture. Properly such wheels 
should liave double webs, wiLh cored spaces between, but 
ihc number required of them does not warrant the expense 




Fig. 98. 

of ihcir manufnrture, and ihi: desirMi obJMl i* nltAinul in 
3 mofv reli^ibk- and uflident manner. 

For the majority of good craoct incd. wbelhrr t4 bi« 
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power or high, the steel tyred centres, Fig. 99, are used. 
They are strong, safe, and veiy durable, — conditions which 




fig. 99- 

are h^hly essential in heavy tracks. The tyres used are 
of Bessemer steel. The centres are of cast iron, or of cast 
steel, and the tyres are shrunk on, usually without further 
aid from tyre traits, — the lightening 
of the tyre due to shrinkage as it 
cools around the centre, and the 
shallow check, being sufficient to 
retain it in place. 

Wrought-iron built-up wheals are 
now only used when the cranes are 
required for permanent way, with 
spring axle boxes. 

In the illustrations shown, the 
wheels are designed for running on 
single rails only, and these are 
employed in cranes as large as 30 
to 50 tons capacity. At, and beyond 
these powers, double lines of rails 
are usually required, and then the 
wheels are made with the flange 
central, to run between the rails as in Fig. 100. They are 
cored out hollow as shown, or sometimes plated and ribbed. 




TRUCK BEARINGS. 



91 



TYie particular example shown is taken from a German 
crane, in which the ground wheels are driven by a worm, 
and worm wheel. 

The stresses on wheels are calculated for simple crushing 
of the material. The total moment of the crane, loaded at 
maximum radius, is reckoned as coming on the total cross 
section of the number of wheels upon which it may be 
concentrated, in the worst possible position. This may be 
one only in a rotating crane, two in a Goliath or crab. 
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Fig. loi. 



The bearings in these trucks are differently made, according 
to circumstances. For ordinary service about yards and fac- 
tories they are simply divided, — of the plummcr block tyi>c, 
— as in Figs. 89 and 93, pp. 81 and 85, and used with or with 
out brasses. The thrust of the axles is always upward, and 
therefore when brasses are used it is a frequent i)ra<:li<:e to 
insert one half brass only in the top, making the f:ap wholly 
of iron. The cap is really nothing more than a keep, and 
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it need not even be shouldered into the 
block. Many chea.p cranes are not even 
fitted with caps, but plain dead eye 
bearings, as in Fig. loa, are used. In 
cranes used on permanent way, axle bear- 
ings in hom blocks, and with springs, are 
fitted. Many heavy cranes for yard and 
factory service are also fitted thus. The 
springs relieve the truck from severe stresses 
due to shocks on uneven tracks, and should 
be employed therefore in high-class cranes 
of great power, and subject to severe duty. 

A spiccJal form of bearing used for 
Titans, and heavy Goliath cranes, is shown 
in Fig. loi. The main body of the bear- 
ing A is bolted to ihe sills of the bottom 
girders. The bearing proper B is fitted 
within this by vertical guiding edges, seen 
in the plan view below, and the upward 
reaction of the axles is resisted by the 
volute springs which fit in recesses cored 
in A. 

The area of axle bearings is calculated 
on a minimum pressure per square inch, 
which varies with manufacturers' ideas, 
but the allowance is usually higher than 
that for rolling stock. The stress on 
«Nles is calculated by the method ex- 
plained in Chapter VIII., p. 103. 

There is a considerable amount of 
tiMUhcd gearing attached to the trucks 
for the o|>erations of the travelling wheels. 
Thf amount of these fittings varies in 
iT-UK-s of (lilTerent sizes and types. The 
HtNtriuK is generally worked from the same 
iM)Kiiti'!< on the side frames, which hit the 
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loads, slew, (cc But occasionally engines are attached to 
the (rurk for ihe special purpose of travelling. This is only 
duoe in the cose of cranes of high power, say from lo to 
15 tons, and upwards. The general questions relating lo 
geuing will be found treated in Chapter X., p. 130 

Of vital moment in the stability of most portable cranes 
is the arti6cial assistance derived from blocking girders, or 
from rail dips. Blocking girders, m, Fig. 93, p. 85, c, Fig. 94, 




Fig. loj. 

p. 85, increase the base of the crane. Rail clips, seen at 
A in Figs, loz, 103, and at d, Fig. 94, p. 85, bind the truck 
fost to the raib, and so prevent it from upsetting when the 
satg^ie of upset is passed. These devices are variously 
modified, but the essential elements arc present in these 
figiues. 
The blocking girders are in their simplest form rolled 
i joiisU of I section, of a sufficient length to ensure the stabiUty 
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of the crane when lifting maximum loads across the t 
They are supported loosely in straps as shown, ar 
these figures they are in a single length, so that they a 
stand out on each side. When this is objectionable, 
are made of telescopic form, to slide in and out, or the 
hinged, to lay close to the truck when not in service, 
stead of girders, broad blocks operated with vertical sere 
sliding bearings standing out from the sides of the true 
sometimes fitted, the blocks being lowered to rest oi 
ground when required. Timber packing is laid bei 
the ends of the girders which are shown in the fig 
Sometimes customers will have both rail clips and blo< 
girders fitted to cranes, as in Fig. 102, to be able t( 
either at discretion, or that which happens to be 
convenient 

The usual form of rail clips is shown in Fig. 103. 
pair of clips a is suspended from a plate b bolted 01 
truck by the screwed loop c When not in service the 
elevated by the screw. When required they are dro 
into place, and secured by letting the loose clip d drop 
them. 




THE FRAMES OF TRAVELLING CRANES. 

DefaiWon* of Travelling Cranes— Variali on* in— Materials— The I'lac* 
of Timber— Its Disadvantages — Trussed Gvams— Detnib of 91 
SlrcBci in Simple and Compound Trusses — Stresses on Kad 
Cmlles— Wheel Base— Strevei in Wheels and Antes— Travelkr 
Frames — The Place of Rolled J<Msts — Bai1I-ap Girdcis — Sections 
111 Beams — The ImporUnci; of ReduclioD of Weight — Rigidity— 
The Bridge Type of Girders^Various Fittings o( Wheels and 
ihcir Bearings— Relative Positions of Main Girders and End 
Ctwlles — Goliath and Gantry Framings — Definitions — Timber- 
tame^ Gulialh — Sleel-ftuned ditto — Ptainilig of GanUy Crane. 

Undek tnvcUJng cranes we include all those which come I 
under ibe class of Overhead travellers, of Goliaths, and 1 
gantries. The tenn is applied exclusively lo these, notwith- 
standing that the portable cranes with trucks travel on rails, 
Bol ihe term portable, — or the term locomoiive, also applied 
lo these, — distinguishes them from the travelling cranes. The 
distinction is purely conventional, but is always undecslood. 
In so large a number of designs as those which exist in 
(he frames of traveUing cranes we naturally find a great deal 
of variation in the forms of the frames. These a 
oomcfous to be adequately dealt with in an elementary>l 
work. The treatment of stress problems alone, apart from I 
ibc mechanical details, would occupy a volume. Those^ 
who desire to study them may consult any standard work on^ 
ttatical problems. In the drawing office the moment ( " 
■nenia of sections is calculated, or more often is taken frora 
iiooks of reference. The questions of span and of tnissinf 
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are determined by calculations, excepting sometimes in 
girders made of plain rolled sections for which the section 
books of manufacturers are consulted. It must also be 
borne in mind that when firms are always constructing 
travellers, standards are evolved by which the labour of 
calculation is rendered unnecessary for any cranes identical 
in span, and conditions of loading. Bearing these several 
facts in mind, our remarks may be condensed on practical 
matters. 

Practically but two materials are employed for the frames 
of travellers, — timber, and steel. For many years wrought 
iron was employed, but it is now largely displaced. With 
r^ard to the merits of the two materials, though some very 
large traveller girders have been constructed of timber — up 
to 45 tons, within the writer's experience, — yet it is not held 
in so much favour as formerly. The reasons are these : — 
That large balks of timber are not very readily obtained in a 
perfect condition of soundness, straightness of grain, and 
freedom from knots. That since steel came into general 
use, the choice between steel and timber is greatly to the 
advantage of steel, by comparison with that of the choice 
between iron and timber. Iron was never rolled in such 
massive sections as steel is, and therefore iron girders were 
built up in a larger number of pieces than steel, costing 
more for labour. And there are many travelling cranes 
for which rolled steel joists are obtainable of dimen- 
sions sufficiently large, — rendering unnecessary any cost for 
building up. 

But timber is of value, and is preferred in the following 
cases : — When a firm of builders purchases one of the sets 
of ironwork which are supplied by many crane firms, and 
constructs their own timber framings. When the cost of 
shipment abroad of heavy steel girders would be prohibi- 
ti\'e, the ironwork for the crab and travelling gears is 
shipped, and the timber work constructed on the spot 
This is the best plan to adopt in Tasmania, Vancouver, 
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and some other dislricts where large 
timber trees grow. But it cannot be 
adiipled fn tropical countdes where 
ants and other insects commit great 
ravages in timber. Generally when 
this material is selected it is on the 
ground of economy, because it costs 
less than steel. In the smaller travel- 
lers, however, this difference need not 
be great. 

Disadvantages in using timber are, 
that it 15 subject to decay, delay In 
which IS mainly a question of proper 
care and protection, and that in the 
case of overhead travellers the beams 
have to be trussed. Steel girders are, 
with few exceptions, self sustaining. 

Fig. 104 illustrates the timber-tnissed 
framework for an overhead travelling 
crane. It must be borne in mind in 
this and other illustrations to follow 
that there are inany details in design, 
though but one example can be shown. 
For instance, though here both the 
main beams and the end beams are 
of timber, it is as frequently the 
practice to attach casl'iron end beams, 
or "cradles," to limber, so making a 
composite framing. 

Though this structure has a simple ap- 
pearance, there are a number of matters 
to be considered in the design. First 
of all, there is the sjian a, or distance 
from centre 10 centre of ihc running 
wheels, which is governed by the width 
of the gantry, which again utuolly (ic- 
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pends on the width of the shop. This in turn detennines 
the length of the wheel base d, Fig. 105, which must be 
sufficiently long, — usually in the proportion of about i to 5, 
or I to 6 of the span, — to prevent risk of cross working of 
the traveller on the rails. On the span depends the propor- 
tion which the depth of the main beam b, Fig. 104, bears to 
its length and section. This, however, while absolutely 
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Fig. 105. 

correct in steel beams, is only approximately so in timber 
beams, because in these the stresses must be translated 
through truss rods; — timber of reasonable depth alone 
being insufficient. The method of trussing, moreover, affects 
the result A truss may be simple, see Fig. 1 06, or com- 
pound as in Figs. 104, 107, 108. Then the weight of the 
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Fig. 106. 



girders themselves, and of the crab and its load, and its 
position, has to be considered. The length also of the wheel 
base D affects the stresses on the end cradles c, in Fig. 105. 
Looking at Figs. 104, 105, we see that two timber beams 
B B, of square section, are carried on end beams c c of 
timber, and the latter on flanged wheels. Properly, of 
course, a girder section should measure considerably more 
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in depth than in width, to correspond with the stresses, and 
this nile is universal when steel girders are employed. But 
in timber it is more convenient to use square balks sufficiently 
wide to ensure stiffness in the lateral direction, and to pro- 
vide for the necessary strength depthwise by trussing. 

Cast-iron connections are necessary for the truss rods. 
These comprise two struts e s, in the double or compound 
truss, by which the rods are carried down to the proper 




Fig. 107. 

depth, and anchorages p p at the ends, which are fitted over 
the timbers, and against which the tension of the rods is 
adjusted with nuts. In the compound truss, iron plates c g 
are required to receive pins that pass through the timber 
beams, and secure the bracing rods thereto. In many 
cheap cranes the struts e e are made of timber. Another 
variation is the use of flat bars instead of round rods for the 
truss members. 
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Fig. 108. 



It is usoal to estimate the strength of a trussed beam 
when the load is at the centre, which is the position of 
greatest stress. In a compoand truss, howe^-er, the counter- 
bfadng is not ttressed when the beam is centrally loaded, 
so that it is neoesmy to estimate the effect of the load when 
the ooonterfandng is loaded at its ouiimum, which occurs 
when the load is over one stmt 
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In a simple truss the stress is reckoned as in Fig. io6. 
By the parallelogram of forces we see that a total load of say 
4 tons imposed on the centre would produce a reaction of 
2 tons on each end support. Measuring down 2 tons on a 
scale, drawing a horizontal to meet the truss rod, and 
measuring the diagonal, we have 9^ tons tensile stress on the 
truss rods. There is also 9 tons compression on the beam. 
Breaking loads with ample margins of safety are deduced 
from these. 

Taking the compound truss in Fig. 107 and loading it with 

4 tons centrally, the tension on the main diagonal rods is 

found to be 6 tons. The compression on the beam will not 

be as in the previous case. To obtain it, multiply the 

reaction at one end by half the span, and divide by the depth 

of the truss. Say the span is 40 ft, and the truss depth 4 

ft. in the middle, then the compression on beam and bottom 

tie rod is — 

2 tons X 20 ft. 

The compression on the struts is ascertained by dividing the 
load on the beam by the number of struts. Thus — 

4 tons 



2 struts 



= 2 tons. 



When a beam is loaded away from the centre, the 
reaction on the supports will be in inverse proportion to 
their distance from the load, or in other words the end 
supports will be loaded the more as the load approaches 
more nearly over them. Thus if the load of 4 tons is in the 
position shown in Fig. 108, at one-third of the span away 
from one end, the load on a will be 2.66 tons and that on d 
1.33 tons. But the loading shown alters the strains in the 
tension rods, as is seen by the diagrams in Fig. 108. The 
counterbracing rods a and b are alternately in tension 
as the load moves away from one end to the other of the 
traveller beams. The maximum intensity of the stresses 
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occurs when the load is directly over a strut, as shown in 
Fig. 108, when a is the member in tension. 

To obtain the various stresses, the reaction at the end a, 
due to the full load of 4 tons at c is set off from a scale = 
2.66 tons, and a horizontal drawn. The stress on the 
diagonal at that end is found to be 8J tons. At the other 
end the stress on the fellow rod is reduced to 3I tons. The 
stress on the diagonal a for the position shown is obtained 
by marking the compression on the further strut </=that on 
the end support b next it, — namely, 1.33 tons. Draw a line 
from its termination parallel with the counterbrace a. Its 
length then equals the stress on a, namely 3J tons. The 
horizontal line gives the stress on the horizontal tension bar = 
3| tons. 
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Fig. 109. 

The stress on the end cradles, Fig. 105, is calculated as that 
for a beam supported near the ends, over the wheel centres, 
or wheel base n, and loaded at the points where the main 
beams b b conie on. The load of the beams is included, and 
also that of the crab and its load, and is reckoned as being 
in the most unfavourable situation, close to the end beams 
near a cradle. Fig. 1 09. 

To find the load at b in Fig. 109, multiply the total 
weight of the crab and the maximum weight lifted, by the 
distance a, and divide by the span b. If the load is 6 tons, 
the distance a 30 ft., and the span 35 ft., then— 

6 X 30 

——- = 5.1 tons at B. 
35 

This is carried by two main girders, and therefore but 
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batf this antouDt is sustained by one girder, ot ntber over 
sj tons. Half the weight of one main girder is added to 
this. Call this ■ too, — the Tesalt is that 3) tons are loaded 
on each end girder in F^ 105. We thus hare 3) tons at b 
tendii^ to bend the end cradles around the wheel axles, 
that is— 

3} tons X 34 in. = 84 in. tons. 
From this bending moment suitaUe dimensions are ob- 
tained by making use of the modulus of the section used, 







and which is applicable to all sectional forms, as described 
in various text-books. 

The length of the wheel base is in well-designed ctanes 
not less than one-fifth, or one-sixth of the span. Many of the 
older travellers were badly designed in this respect, and the 
wheel flanges frequently broke, due to cross working, com- 
bined with too free a fit between the flanges and rails. 
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The stresses on the wheels and Iheir journals are cal- 
; culxicdas indicated in Fig. no. Each wheel is taken as 
I loaded with half the total weight of the crab and its maximum 
load, and with hulfihe toad of the main girders, and is wholly 
m compression. The rt-raarks mnde in reference to crane 
wheels, pp. 87 to 90, apply generally to those of travellers, 
except that the wheels of travellers are double flanged, Figs. 
> » I, 1 1 a, to prevent risk of their running off the rails when 
getting crosswise. But they are made with ams, or plated, 
a»»d steel tyred. Sometimes ihey are chilled, but it is better I 
to use tyred wheels turned on the treads. Cast-iron wheels J 
are sometimes ground on the treads. 




With rtrgard to the axles. Fig. no, these are calculated 
B beams of two kinds. Thus, the diameter of that portion 
which goes in the wheel boss is estimated as a beam havin); 
a span equal to the distance a between the bearings, in Fig, J 
110. But it is important that the boss should just ( 
the space between the bearing faces in order to distribute 
the load over the axle. Actually the axles arc made large 
in llie wheel boss than the <alculation would give, for coip 
vcnicncc of manufacture. The diameter of the axles \ 
obtained by taking the load on the bearing, and considcrinj 

X the axle will be subject to bending. Thus, if the bearinj 
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4 in. kxig and subjected to a load of 4 tons, the bending 
moaient would be — 

4 tons X 2 in. = 8 in. tons. 
Dnridii^ this by 6 tons per square inch for steel, we have — 

and from this modulus of section, the diameter of a round 
bar of suitable size is obtained from tables. 

The stress on the wheels due to cross working of the 
finmes sometimes causes their axles to grind hard in their 
bearings. This may be prevented by making the axles fast 
in tbetr bearings and letting the wheels run loosely on them. 

Fig. 112 illustrates the practice of Messrs Joseph Adamson 
& Cou, of Hyde, Cheshire, in fitting the wheels of their over- 
head tiavdling cranes. The method adopted by most firms 
is to cast the travelling spur gear with the cast-iron wheel, 
or if tyred wheeb are used, to key both on their shafts. 
Messrs Adamson cast the wheel centre in one with the 
toothed gear blank, and shrink the tyre on the latter, so 
avoiding the tendency of the wheel to work loose on its key. 
Also, since the load on the outer end of the axle is greater 
than that on the inner end, the axle is enlarged there. A 
sdf-oilii^ device is employed. The axle revolves in a gun- 
metal bush, the under side of which is cut away to be in 
communication with the lower part of the pedestal, forming 
a reservoir for the oil, which is constantly carried up against 
the axle by a wooden roller that floats on its surface, and 
is retained underneath the axle by guides cast within the 
chamber. A flap door gives access to the chamber. 

The employment of iron and steel for traveller frames 
affords scope for a large variety in design and dimensions. 
They are suitable alike for travellers the power of which 
ranges from half a ton to a hundred tons or more. Iron is, 
however, as already remarked, little used now, having been 
mostly displaced by steel. 

Rolled steel joists of H section are used in the lighter 
class of overhead cranes. They are extremely handy, because 
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they are ready for immediate service without any expenditure 
for labour, except the drilling of bolt holes at the ends, and 
the attachment of rails on top. The strength of these is 
calculated from the moment of inertia of a given section, 
and the span. 

The simplest type of beam is that shown in Fig. 113, in 
which a single joist is supported on two end cradles made of 
cast iron, and which carry the travelling wheels. Of course 
such a crane carries no crab, but a jenny only. The jenny 
wheels may run on the top flange, or on the upper faces of 
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Fig. 113. 



the bottom flange. Both systems divide favour, and this 
type of crane is in great request for loads which do not 
exceed from about half a ton to a ton. The jenny carries 
pulley blocks of numerous types, hand operated, differen- 
tial, or electric. 

An advance on this is the arrangement of two parallel 
joists bolted on two end joists of similar section, though 
shallower, and in which the traveller wheels are carried in 
bearings of various forms, Figs. 114, 115. Such a design is 
suitable for any travellers of moderate power, but is not 
recommended for the heavier types, for these reasons : — 
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A panDel section is not the most economical of material, 
and does not contain the minimum of weight for a required 
sUeugdi , Where a rolled joist becomes objectionable, be- 
sides hs onifonn we^t, is in long spans where its com- 
panth^dy small width gives no decent resistance to transverse 
due to the inertia of starting and stopping a crane. 
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Fig. 114. 

With legird to the section of a beam taken longitudinally, 
this should properij be composed of two parabolas, the broad 
ends of whidi would meet in the centre of the beam, for 
reasons whidi are wdl understood. Nearly all girders of 
great length, tbeidbce, are built on this model, and usually, 
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thou^ not invariably, with the curve or camber on the 
lov^f edg^ Sudi beams require no trussing, but parallel 
begins of great length would, unless made of excessive depth; 
or unless two beams were superimposed to form a compound 
girdcc—a wasteful disposition of material. Frequently a 
shallow joist is reinforced with a truss, as in timber. 
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result is a lightening of girders without diminution of 
strength. 

With r^ard to the section of a beam taken in the 
vertical direction, a study of the problems involved in the 
moment of inertia of a section shows that the maximum 
stresses occur on the top and bottom of a symmetrical beam, 
and diminish to nothing at the neutral axis. From this the 
deduction is obvious, that flanges should not be of uniform 
thickness, and that webs should not be heavy at, and near 
the centre. These conditions are approximately fulfilled 
in rolled joists, and may be more closely approximated to 
in girders which are built up with webs and angles, or 
with angles and tees and bracing, because the metal can 
be massed where wanted most, and diminished about the 
central parts. 

In case it might be supposed that overmuch attention has 
been given to the correlation of material to stresses, it is well 
to point out that the question is less one of cost, than of 
weight. It costs more to build up girders than to use rolled 
joists. It would generally cost more than the value of the 
metal saved. But that is hardly the point at issue. The 
dominating fact is, the reduction in the dead weight of 
the travelling crane. By lessening this, the stresses on the 
travelling wheels and axles are lessened, and less power is 
required for operating, a point of much importance in the 
high-speed travellers which are now so common. 

But the designing of girders is not quite so simple a 
matter as this. Two other points have to be settled, 
— rigidity depthwise, that is, as opposed to buckling or 
crumpling, and rigidity sideways, to resist the lateral stresses 
which are produced by the rapid longitudinal movement of 
the crane. 

Rigidity depthwise is imparted by the vertical stiffeners, 
usually of tee section, which are riveted down the webs at 
intervals. Rigidity sideways is imparted in two ways. In 
one the top and bottom flanges are widened. In the 
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heaviest cranes the box girder is used, which is practically 
two girder webs placed at a few inches asunder, and riveted 
thus with top and bottom flanges. 

In the bridge type of girder built with bracings, a prac- 





Fig. ii8. 



Fig. X19. 



tice which has been growing recently is to attach lateral 
bracing to the outsides of the main girders, Figs. 11 7-1 19. 
This also serves as a platform. It combines great lateral 
rigidity with lightness, and is a suitable design for the 
modem high-speed travellers. 





Fig. 120. 

A special type of girder is that of Messrs William Sellers 
& Co., of Philadelphia, in which the crab runs between the 
sides, Fig. 120, instead of on the top of the beams. This is 
done mainly with a view of keeping the centre of gravity low 
down. 
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The end beams or cradles and their axle bearings are 

also subject lo much variation in design. These frequently 

(insist oT rolled joists. Fig, lai, in others they are forniL-d 

two channels placed back to hack with an interval 

ictwcai, in others box girders are built up with plate and 

3 Fig. in, p. 103. 

\ wheels and their axles are variously fitted. The 

nition for the wheels is between the girders, 

13, lit, but they are sometimes placed on 

Rhc out^dc Bearings are cast solid on the girders, as 

lin Fig. 113, but generally they are bolted on, Fig. iii. 

I These arc either of ihe dead 

I eye form, or of the solid 

I pUted boss type. Fig. 115. 

I Sometimes capped bearings 

I arc used. Bearings are brass 

k bushed in the best cranes, 

r though brasses need only be 

fitted in the top. 

The relative positions of 

the main girders and the end 

cradles is varied according lo 

the space available overhead. 

The ideal position is that in 

, mhich the main girders rest 

I upon the cradles. But very often there is not sufficient 

Ibead-toom to permit of this. An arrangement, perhaps 

I equally good, and one which is preferred by some firms, 

l-ls to make the main girders lay partly on the cradles, and 

■ partly abut against them, Fig. 122. This affords a good 

|.chancc (o make a solid joint. In another design the joint 

in al>utling one simply, Fig. 113, the method of fasten 

being through angles, or angles and gussets. In 

Another the main girders come underneath ihc ciadles, 

ind are in a (ilale of suspension. Neither of these are 

I joints, but they are rendered necessary \ 
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when roofs are low. In such cases the only course open 
is to make the fastenings of bolts or rivets secure enough 
to sustain the maximum stress imposed on them. Jcnnts 
should be stiffened with broad gussets, and the members 
connected with turned bolts fitting in reamered holes. 

Related to the overhead travellers are the Goliaths, and 
the Gantry cranes, inasmuch as they are both high above 
the ground, and travel on rails. But in these the crane 
framings descend to the ground, while the true travellers 
do not, but travel on gantries or runways, hence the prefix 
"overhead," which is applied specifically to them. It is 
not always easy to fix the exact meanings of the terms 
Goliath, and Gantry cranes. In England, Goliath always 




Fig. 122. 




Fig. 123. 



signifies a bridge type of crane which carries a crab. In 
America the term Gantry crane is commonly applied to 
this type. In England the term Ganlr>^ crane signifies 
a tall Goliath type of framing which carries, not a crab, 
but a jib crane. In Germany these are termed Portal 
cranes, and they are employed to a vast extent for dock 
and harbour work, supplanting the older wharf and hydraulic 
cranes. 

The framings of Goliath cranes are constructed of timber 
or of steel. Those of Gantry cranes are seldom built of 
any material but steel. Timber is very serviceable for 
Goliath framings, especially when hand operated, and the 
occasions for their use are similar to those which determine 
the selection of timber for traveller beams, see p. 96. 



^l£ S'ia^TTSC lUCHDCERr. 

F^ zz^isi) ilimrmw x liaTT timber-ftamed Goliath. 
Tb^ BOOL hsaac K j>e» stnxmres is ftom so to 25 ft., 
«tdk 'OK ^HE viE :eir rum about zo to 40 ft. In 
tiiE atsaa m Is^ sape trn^i^ like that noted in 
r.imi^-iiinr vis: rsveLs bicmis, aod also am[de length 
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imported to the wheel base, and double Banged run- 
ning wbeds. Many of the remarks made in reference 
to oreifacad tiavelleis are cleariy applicable to Goliaths, 
but in the l^ter the tendency to twisting is greater by 
reason of the difference due to greater height Unless a 
Goliath framing is well braced it is always getting olT the 
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GOLIATH FRAMINGS. 
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nils. In the figures the end framings in themselves are 
entirely rigid ; the weak points are the attachments of the 
main beams to the A frames/ To stiffen these against a 
working to-and-fro at right angles to the track, which is 
very noticeable in steam-driven crabs, large diagonals are 




Fig. 128. 



fitted between the main beams and the members of the 
A frames. To stiffen them against diagonal or cross 
working, diagonal struts are fitted between the under sides 
of the main beams and the tops of the horizontal members 
of the A frames. 
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The details of the fitting of these and of other members 
are ret>dered clear by the drawings, so that little reference 
thereto is necessary. Tenons and mottices and shouldered 
icnnts are the role, and long bolts unite every portion. 
Broad timber washers support the bolt heads and nuts. 
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Fig. 130. 



The main beams are fastened down to the A frames with 
long strap bolts. The ends of top and bottom sills are 
bonded. The ends of the main beams have cast-iron 
caps with stout lugs through which the truss rods pass. 
The centre stmt is a casting. Platforms, protected with 



I30 



HOISTING MACHINERY. 



are csnied on plated brackets at the sides of 



127-129 fliosmte fiamiiigs of sted bailt of channel 
The same principles are embodied as in 
sniiiiuie , modiSed by the differences in the 
the methods of union proper for each. 
oolj of the steel framing for a 



CHAPTER IX. 

THE FRAMES OF OVERHEAD CRABS 

AND JENNYS. 

General Design of the Crab — Of the Jenny — Their Special Utilities — 
Cheeks — Diversities in Design^I^t, and Plated — Methods of 
Operation — The Hand Crab — Details of Typical Arrangements — 
The Steam Crab— Cotton Rope— Electrical— Converted— All- 
Electric Types — The Jenny. 

The remarks offered in Chapter IV., p. 43, on the cheeks of 
cranes will apply in a large degree to the frames of crabs and 
Jennys. Both are made in cast iron, and also steel plated. 
So that our attention will be given in the present chapter 
chiefly to the general design of the crab and jenny frames 
as affected by the difference in the functions of these, and 
of the frames of the true cranes. 

An overhead crab is a special type of hoisting machine 
which has no jib, and the load is lifted directly underneath, 
about the centre. It differs from the fixed crab in the 
fitting of four wheels which run along rails on its traveller 
beams. It may be operated by any of the agencies 
common to cranes, and its form and gears are greatly 
modified by the utilisation of one or of the other of 
these agencies. 

The difference between a crab and a jenny, or jinny, 
or trolley, or monkey carriage, or racking carriage ; — terms 
applied indiscriminately to the jenny, — is this. The crab 
carries its own operative gears, the jenny does not. Conse- 
quently though both travel along rails, the first is moved by its 
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sd&ea mmc d gearii^ while the second is drawn along 
hf dbBUBS wfaidi are actuated by wheels that have their bear- 
ings eisevfaeie, at the end of the beams of travellers, or on the 
A ftames of the Gohathsw Just which is the more suitable 
tthod is often an open question, and practice is divided. 
For I^t and heavy loads alike both systems are in use. 
Spraking vaj broadly, it is better to use the simple jenny 
for l^ght travdlers, and crabs for the heavier ones. Even in 
the latto; howerner, there are cases in which heavy traveUers 
are fitted with Jennys, which in long spans impose less of 
dcftd weight on the beams of the traveller, or Goliath, than 
a Httssme ciab would do, with its gears, and often also an 
engiDe and boiler. The latter add so greatly to the load 
that sereial firms hare long made a practice in heavy 
tiaiders of pntdi^ ei^^ies and boilers at the end of the 
beams, and ranning a comparatively light trolley along them. 

The chedcs of Jennys and crabs are usually made in cast 
iron, the laiger types alone excepted, and for the same 
ressoos which were previously given. They follow in the 
■AID the designs of those of cranes. As pre\iously stated, 
caknlatioKts are not readily applied in such cases, and ex- 
penence takes their place. 

The des^;ns of orab dieeks, both cast and plated, are 
modified in so many ways that it is only possible to allude 
to these in very general terms. In the smaller powers they 
are sii^le webbed. But in larger sizes, double webs are 
usually employed. WTien cast they are of the boxed form, 
similarty to some crane cheeks, a design which is neat as 
w^l as rery rigid. In some steel-plated cheeks also, the 
plates are double, separated by distonce pieces, also a very 
excellent method, having the merit of rigidity, and permitting 
of the use of bearings which are nearly flush with the outer 
bees instead of standing out away from one, or both faces. 
In some crabs the cheeks are formed of rolled joists, in 
others of built-up solid-plated girders. The different ideas 
of nunufacturers are accountable for many of these diver- 
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nties in des^n, but underlying all theso there are common 
nbjcrts in view. The iwo predominating factors are reduc- 
tion in dead weight, and economy of manufacture. Some 
Ify to suain this in well thought-out designs in cast iron, 
tiihecs in plated cheeks. In some cases the class of work 
(o which a firm is commiited, or in which they have gained 
most experience, is the determining factor. Thus, a firm 
dealing largely in castings will favour cast-iron cheeks, one 
which is more successful in plated work will give the 
preference to plated cheeks. Actually, excellent designs 
are produced in each, so that no absolute preference can 
be given lo cither wiihout knowing by whom they are built. 
This, apart from inspection, is still often the best guarantee 
of the good design of a crane. 

llie cheeks of crabs are maintained at their proper 
distances by stretchers or distance pieces, which are simple 
bolts in small types, and cast girders, or rolled joists, or 
plated joists in the higher ones. 

The remarks made in reference to the wheels of cranes, 
PP^ 87 to 90, and travellers, p. 103, apply to crabs also. 
Shaft bearings are modified as in cranes. 

The methods by which hand crabs are operated are 
very simple. The methods of operating power crabs are 
tiMMV complex, and subject to great variations. The general 
system of gears is treated in Chapter X,, p. 130, to which 
reference should be made. The remarks made here assume 
that tbc problems involved in trains of gearing arc under- 
stood. 

In the simple hand crab, all the movemenis of the crab, 
and frequently also those of the traveller, are derived from the 
power of a man, or men actuating the winch handles. The 
lifting mechanism includes single gear only in light crabs, 
but in all others double; and in the heaviest, ireble gears 
are included. lowering may be dune by the reversal of the 
dirvciion of movement of the handles, but generally the 
load i> allowed to descend by its own weight, its movement 
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being controlled by the application of the brake. During 
lifting, if the load Is heavy, the ratchet dog is thrown in ; 
during lowering it is thrown back, and the first motion 
pinion is slid along out of gear, so that the descent of the 
load is regulated by the brake entirely. 

The last element in tbe train is the lifting drum or barret, 
see Chapter XI., p. 149, whence the load is lifted on single 
chain for loads ranging up to from about 3 to 5 tons, or on 







Fig. i3r. 



double chain, and snatch block, see p. 170, for greater loads. 
In small crabs the drum is generally plain, in others it is 
usually grooved. It is, or always should be grooved when 
wire rope is used, and its diameter must be larger for rope 
than for chain. The reason for grooving large drums, 
whether for rope or chain, is partly to prevent overriding, 
but also to maintain the load centrally in relation to the 
crab, see p. 150. When a return chain is used, one end 
has to be anchored from a beam overhead. Figs. 131, 133, 
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hu to wind round a second drum ranged parallel with 

I tbc main drum. Another set of gear is used for traversing 

» ibc crab along the traveller beams. This may be simple, 

I IN co(n|>ound, dt^pcnding on the mass to be moved, and 

it is actuated by separate winch handles iji hand crabs. 

Th« morement of the gears is communicated to a toothed 

wheel on the axle below, and so revolves that axle, and its 

wlicds on the rails. The other axle is a trailer only. In 

V 

^^^^BiPlteani crabs, front and r 
ni, like locomotive axles. 

I-"^. 131, 13a represent typical arrangements for a hand 
ctab with steel-plated cheeks, and employing a snatch or 
return block. In this example some of the shaft bearings 
are plummer blocks, others are bosses. The quick-lifting 
gean are pinion a, and wheel b, the latter being keyed on 
ctkI of the barrel c. d, e, and the pinion on the same 
IV a* r are the train of slow gears, G is the pillow block 
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earned on a rolled joist that spans the cheeks, and from 
which the straps and blocks are suspended to carry the loose 
pulley H, which takes the upper bight of the chain j, one 
portion of which is anchored to the snatch block, the other 
portion passing under its pulley. The wheels k, l, m, n form 
the double set of gears for travelling the crab. The location 
of the brake is also indicated at Q, and its lever at p. As the 
gear of this crab is illustrated in detail in Chapter X. on 
Gears, p. 137, nothing further need be added here. 

An overhead crane may be travelled from the crab, through 
gears actuated by a winch handle at one or at both ends of 
the traveller. When travelled from the crab, a square shaft 
is used to transmit the motion from the crab to the wheels 
on the end cradles. This is accomplished through bevel 
wheels carried in a bracket on the side of the crab, the 
last bevel in the train having a long sleeve bearing in the 
bracket, and a square hole to slide along the shaft, see 
p. 144, actuating the latter at any locality in which the 
crab happens to be. 

In that type of steam crab in which the boiler and engines 
are placed on the crab, the arrangements are in the main 
similar, except that the crank shaft of the engines is the first 
motion shaft, whence all the various movements are de- 
rived through gears. The engines are duplicated, to avoid 
dead centres. Provision is made for single, double, and 
frequently treble powered lifts, for lowering by the brake, 
for txa^'ersing the crab on one of the axles, to which the 
other axle is coupled, and for travelling the entire crane 
through a square shaft 

In steam travellers which have the boiler and engine 
fixed at one end, there is no crab, but a jenny only. 

In tra^-ellers driven by cotton rope the crab is still em- 
plo>*ed, but it is very much modified. Belt-driven shafts 
are actuated from the rope, and transmit motion to two 
shafts running longitudinally above the traveller beams, 
whence the lifting and traversing motions of the crab are 
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types, used on a single rail traveller. There is no gear sa\ 
that which is comprised in the tackle, and no means ( 
traversing the jenny save by hauling at the block chains. 
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Fig- 133- 



A true jenny is that which is made the medium for hoist 
ing and traversing through toothed gears, which are never 
theless situated at a considerable distance away from it 




Fig. 134. 

Jcnn)'?s of which this is a simple type, are made for the mosi 
ix^wcrful as well as the lightest cranes, and many are tlit 
designs on which they are built, and the devices by which 
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they are operated. An example of this kind was shovn in 
Figs. 127, 129, pp. 116, 1 1 8, and the jenny is shown enlarged 
in Figs. 1 34, 135. It is drawn along by one set of gearing oo 
one standard of the Goliath, through the chains a, and the 




Fig. 13s. 



load is lifted and lowered through another set of gears 
operating the chains b, passing over the two pulleys c, c. The 
racking chains and lifting chains never run foul of each other 
because the eyes for the attachment of the former are placed 
away from the centre of the carriage, Fig. 134. 



CHAPTER X. 
THE GEARS. 

The Forms of Teeth — Conditions of Gear — Cycloidal and Involute — 
Generating Circle — Small Pinions — The Case of Special Gears — 
Proportions of Teeth — Machine-moulded Wheels versus Pattern 
Gears — Arrangements of Wheels — Regarded as Levers — Winch 
Handles and Drums — Single Gears — Sliding Pinions— Typical 
Trains of Wheels — Transmission of Power at Right Angles — 
Wheels in Steam and Hand Cranes— Quick-running Gears — The 
Use of Steel — The Curb Rings — Their Sectional Forms — The 
Fitting of same— Derricking Gears — Reversing Bevels — Square 
Shaft Gears — Shrouds and Friction Collars — Ratchet Wheels. 

The gears of cranes are one of the fundamental sections 
of these structures, second only in value to the strength of 
framings and main parts. It is of the first importance that 
the wheel teeth should be correctly formed and proportioned, 
and accurately constructed. Badly formed gears, running 
at quick speeds, are not only noisy, but also risky. The 
fracture of two or three teeth may result in a serious 
accident. 

First as to the forms of teeth. These are too often made 
by mere rule of thumb, but should be so correctly shaped 
that the wheels will roll smoothly with the minimum of 
friction. The fundamental principle of such mutual en- 
gagement of teeth is that the total effect shall be identical 
with that of the rolling of cylindrical surfaces upon each 
other. Actually, in all wheel teeth as commonly formed, a 
certain amount of rubbing and sliding of the flanks must 
take place, but the better the teeth are shaped, the less 
injurious the rubbing becomes. This is capable of com- 
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plete demonstration, but the proof would be too long, and 

scarcely within the range of the present subject. In practice 

the conditions of accurate gearing are fulfilled by the use of 

two curves, the cycloidal, and the involute. Of these the 

former is the more generally used. In the latter the tooth 

flanks are formed as by the unwinding of a rigid cord from 

the periphery of a cylinder (the 

base circle of the wheel). Or, ^ ' ^ 

what produces the same result, 

by rolling a straight-edge round 

the base circle, and develop- Y\g. 136. 

ing the involute curve by a 

ne^le point driven diagonally through the edge of the 

straight-edge. Fig. 136. In the cycloidal, suitable curves 

are developed by the rolling of generating circles, a, a. 

Fig. 137, upon circles b (the pitch lines) of the wheels, and 

then finding by trial the nearest approximate radii ^r, and ^ 

for the curves of the faces and flanks of the teeth. 





I 
I 



Fig. 137. 



The principles of correct gear are present in each case, 
subject to certain conditions. The involute has been 
seldom employed for crane gears, partly on account of its 
want of adaptability, wheels only working with one another 
when the true circles are cut by a tangent line common to 
both, which is not conducive to the interchangeability of a 
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number of large wheels and small pinions, such as are 
required in crane gears. Recently, however, a considerable 
number of wheels are being cut with involute teeth for 
electrical cranes, in which the conditions of interchange- 
ability are less exacting than for general and miscellaxieous 
service. 

In the cycloidal teeth, all that is necessary to fulfil these 
conditions is, that the same generating circle which strikes 
the roots or flanks of the teeth of one wheel shall be 
employed to strike the points or faces of the teeth of the 
wheel which has to gear therewith, and vice vcrsd. The 
profiles of the teeth are thus governed entirely by the 
diameters of the generating circles, and the selection of 
one size of generating circle ensures interchangeable 
wheels, so that any wheels of the same pitch can be 
taken from the stores with the certainty that they will gear 
equally well, a 60 tooth with a 10, or a 12 tooth with 96, 
or 15 with 114, and so on, all capable of gearing to- 
gether correctly even though they differ much in strength, 
and in extent of surfaces in contact. This can only be 
possible by employing a common size of generating circle. 
If one is chosen of such a size that it will produce radial 
flanks for the smallest wheel of a set, that is the one which 
should be properly used for all the wheels which are ever 
required in practice. Though a disadvantage is that the 
roots in all small wheels are then much weaker than the 
roots in the larger ones, yet it must be remembered as a 
set-off against this, that small pinions can usually be 
shrouded, and that when worn out or broken they are 
more readily renewed than the wheels. Wheels smaller 
than 10 teeth are seldom used in crane practice. Actually 
in Willis's Odontograph scale, the limit is fixed at 12 or 
13 teeth, hence these have radial flanks, and any below 
that number would have convex and undercut flanks, curv- 
ing inwards less than radial; and all above, spreading 
flanks, the enlargement at the root increasing with the 
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dbmctcT of the wheels, until at 80 or 100 teeth ' 
vciy strong teeth. 

ThcTL- is no difficulty either in using the rolhng circles 
directly, or in employing the Odontograph scale, by whichi 
approximate radii and centres are obtainnble directly for 
vbub of almost all si/es. Though weakness of the rootsj 
otibe small pinions is unavoidable, yet for special gears, i 
brVL-l wheels, where it is certain that no other wheels will| 
ever l>e introduced, special generating circles can be selected! 
with reference to the best forms of teeth obtainable for| 
those wheels. 

The! proponions of teeth for the same pitch should I 
alwars be alike. I'hesc are given in various text-books,! 
and will not be gone into here. But it is right to mentioafl 
that the older proportions which gave long teeth arc now 4 
generally discarded in favour of short teeth, the length offl 
which docs not exceed from six-tenths to seven-tenths 
the (Ktch ;— which must be measured round the arc, nnd not J 
along the chord. This reduced length is desirable, in order f 
la diminish the risk of fracture. If it is objected that I 
shorter teeth would be liable to get out of gear and over- J 
ride when shaft bearings become badly worn, such bearings -f 
should not be toltmted on any crane. 

As far at( practicable, castinffs should either be machine- J 
moulded, or else moulded from iron patterns, which have! 
been made in a moulding m.ichine. If complete woodl 
patterns arc used, the teeth should be machine cut, bes 
which they must be checked over from time to time, and! 
kept in good preservation. liut even then wooden pattern 1 
wheels do not give such good results as the first named,! 
True, some machine- moulded wheels are as unsatisfactory 1 
as those moulded from wood patterns, which happens when 
badly warn tooth blocks are retained ii 
is worn, so that slop and backlash occurs, or when the 
moulding is done by a careless or incompetent man. 
three mailers, — giwd blocks, an accurate machine, a 




man. I'hese ^^h 
:hine, and a ^^^| 
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competent careful moulder, are each essential to the casting 
of accurate gearing. Given these conditions, machine- 
moulded gears are for all practical purposes nearly as good 
for cranes as those which are machine cut. But such gears 
are rather costly, because only from two to three tooth 
spaces are moulded at once. Hence moulds taken from 
iron pattern wheels which have been moulded by machine 
give very close approximation to accuracy. They are not 
quite so good, because a little taper has to be filed in the 
teeth to ensure their withdrawal, and then generally some 
slight breaking down occurs in the mould, which has to be 
made good (unless the pattern is drawn through a stripping 
plate), and by which the perfect form of the tooth will be 
impaired. Still, as such patterns never wear or get out of 
truth, they are not open to the same objections as wood 
patterns are. The rings only of such wheels need be made 
in iron, the arms and boss being made in wood to fit 
within the rim. 

We may next consider various arrangements of the gear- 
ing which are adopted to produce given results in p>ower, 
speed, and in the operation of the various movements of 
cranes. 

Many circumstances have to be considered in designing 
these arrangements, as the general or average run of work 
for which the gearing will be primarily designed, work of an 
exceptional character, for which provision must be made, 
the class of crane, the space available, &c. 

Toothed wheels act as straight levers in which the 
mechanical advantage is in inverse ratio to the length of 
their radii. But radii, diameter, and circumference being 
proportional to one another, it follows that either dimension 
as most convenient may be taken as the basis of calculation, 
if the same factor is retained for all the wheels of a series. 
Further, as levers, the wheel will represent the long arm, 
and the pinion the short arm of a single straight bar, and 
its fulcrum will be the pitch line of the pair. Hence if the 
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pinion is the driver, there will be a gain of jxiwer; if ihe 
wbed be the driver, thcrv will be a gain of spued, in both 
ciKS of course inversely proportional to their radii. Apply- 
ing Ihc principle to a [rain of crane gearing, we can under- 
stand the ease with which a couple of men can lift a couple 
of Ions without any excessive expenditure of muscular energy, 
simply employing the intervention of a train of gearing. 
Taking a common crane, let the gear comprise pinion a of 
IS teeth, wheel b of 136 teeth, pinion c of 15 leeth, and 
wheel V of 91 l<.-eth. A pound weight acting on the periphery 
would represent W - 9 ^^^- °" ^- ^'•' '^ ^^^ ^ ^°'"^ 
lOlher pair of levers, and their gain is jj = 6. And since 
'die mechanical effect of two levers is not the total of their 
'added results, hut of those results multiplied, we have 
6= 54, so thai I lb. on a will raise 54 lbs. on d. friction 
diir^atded. Or we can multiply the teelh of the wheels 
of a itain together, and also the teelh of all the pinions 
together, and divide the former by the latter to arrive 
36" 



<1S 



= 55. Not exactly 



rorked into decimals. 
t one end, and to utilise the 
, various means are adopted, 
earn, water, or other power 
barrel or drum is employed. 



Pat the same results, thus,^ — - 

c same, because the figures a 

) apply the necessary power : 

(mechanical increase at the othei 

|3n llic first a winch handle, s 

■will be applied ; in the second : 

It these also increase leverage. A winch handle measur- 

; 16 in. from centre of shaft to centre of handle will 

|tbc a lever t6 in. long evidently, so that for every [Mjund 

jipplied at the handle the first pinion will receive a force of 

ftl6x 3.1416 which represents the circumference of the circle 

which it describes. The barrel also forms a lever with its 

rbeel D on the shaft of which it is fixed, so that the calcu- 

uioD stands— 

ci re. described by -winch x a x c 
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(In practice the circumference taken is not that of the 
barrel, but of the centre of its chain.) 

The simplest gear then which can occur is that of the 
pinion and wheel, termed the single gear. This is suited 
for light loads, and quick speeds. It is fitted to all hand 
cranes, and most of the small steam cranes have no other. 
All travelling cranes have it, and all hoists, whether hand or 
steam. Loads up to 2 or 3 tons can be lifted in this way. 

When a crane has single gear only, there may be modi- 
fications in detail. Thus, using winch handles, from one to 
four men may operate on them at one time. With engines, 
speed may be increased by opening the starting valve to its 
fullest capacity, and using steam at highest pressure. In 
either case the relations between the pinion and wheel may 

be of a high or low ratio. Also the 
diameter of the hoisting drum may 
be small, large, or medium, for 
heavy loads and slow lifts, or for 
the reverse. Small drums are often 
used on quarry cranes and hoists, 
large ones on light coaling cranes. 
In single-geared cranes, the brake goes on the same shaft 
as the wheel and drum, often on the wheel itself. It is 
then desirable to make the pinion to slide in and out of 
gear, because it is better when lowering with the brake to 
avoid wear and tear, and rattle, by allowing the wheel 
and drum to revolve only. When the pinion cannot be 
thrown out, the handles of a hand crane must be taken 
off before lowering. In a steam crane, if there were no 
sliding pinion, the lowering could not be done by means of 
the brake, but the engines would have to be reversed, and 
the load lowered by them. This would be a slow, noisy, 
and wasteful process. 

When the pinion is made to slide out of gear, it has to 
move along a feather key, and a collar or groove is provided 
at its end to receive the fork of the lever by which it is 




Fig. 138. 
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moved. Such a pinion is shown in Fig. 138. The teeth 
are often rounded or pointed slightly at the entering end in 
order to facilitate free entry without risk of knocking off the 
tooth pK)ints. 

The mechanism by which pinions are slid into and out 
of engagement with their wheels is either by means of a 
feather on the shaft, by which the pinion is slid and driven 
at any position as in Fig. 138, or the shaft slides with its 
pinions. The first method is suitable for hand and power 
cranes, the second for hand cranes alone. An illustration 
of the latter is seen in the crab gears, Fig. 139, where pinions 
A and D are keyed on one shaft, and a can be slid into 
engagement with b, or d with e by the endlong motion of 
the shaft. A pawl is dropped between the collars on 
the shaft to retain either pinion in gear, or to keep both out 
of gear when lowering is being done by the brake, as in the 
position seen in the figure. 

The gears in this figure afford a good illustration of the 
combinations which are found in various modifications in 
nearly all cranes. When a is in engagement with the wheel 
B, the latter lifts a light load on the barrel c, on which it is 
ke)'ed, at a quick rate. When d engages with e on the 
same shaft as g, the latter drives wheel b, and the drum c 
slowly. When lifting, the ratchet wheel f is retained by its 
dog, so that the load will be sustained if the handles should 
slip off, or any accident happen. Lowering is done by the 
brake q cast on wheel e, the pinions a and d being in the 
middle position shown, the pinion g always remaining in 
gear with b. 

The gears to the right hand are used for travelling the 
crab. The pinion k, turned by winch handles, engages 
L ; and on the same shaft as l, m drives wheel n on the 
same axle as the driving wheels o. 

Transmission of power at right angles is common in 
nearly all cranes fitted with travelling and slewing motions. 
This is mostly effected by bevel gears, less frequently by 
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wonn gear, and occasionally by angle wheels. The first I 
nanMMl oQfers less rrictioit than the others, and has the I 
gnal advantage that any differences in velocity ratios, as 1 
wdl as equal drives, are easily obtainable. Very often two I 
pairs of bevel wheels are necessary, but when the mim 
uoceds ibis, il is belter to seek some more direct method J 
of driving with less rriction. 

The worm gears are used more than ever, notwilhsiand- 
ing that they were nearly abandoned a few years ^o by 
reason of (he excessive amount of friction which they 
developed. But ihcy are so valuable in the reduction of 
moior speeds in the electric cranes, and in smooth running, 
that the oil bath, friction collars, or ball races, and the use 
of double, or iruble threads, has converted these into a 1 
most valuable and popular gear. The angle or screw | 
gears are only suitable for very light duty, because the I 
friction is entirely of a sliding character, and lakes place 
at 3 single small surface of contact. Hence they wear out 
rapidly. They have been used for the slewing of light j 
ctanes. but were not satisfactory. 

The lifting gear of steam cranes differs from ihat of 
hand cranes in this parliculur, that much heavier loads ' 
can be lifted with single gear in the former, than in the 
latter,— due to the greater power in the engines than in 
that which can be exerciseil by men at winch handles, 
The gain is also greatly in favour of speed as well as of | 
power, so that loads are hoisted rapidly by single gear i 
st«am cranes, which would ixi lifted laboriously and slowly I 
by four, or six men al winch handles through double gear I 
on a hand crane. In steam cranes lifting over about 1 
5 tons, it is usual to put double gear, but seldom under ] 
5 tons. 

Il is of course more necessary to put good gearing on J 
quick-running cranes than on hand cranes and crabs. 
these, when inferior gears are used, their defects are largely 1 
disguised by the slowness of the movement. But this does ] 
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not JBStify die use of bod gears. In sle 



lig^ ntes of speed cause some rattling even 
vidi die best moalded, or even cut wheels, due to the 
s opoio us rhaiaftfT of metal With badly fonned teeth 
tbe ntttlii^ becomes intolerable. And it is not altogether 
a q«esbon of noise, bat also one of strei^tfa and durability. 
Badly fonned teedi receive stresses under unfavourable cir- 

and they wear out quickly, and in some cases 

The employment of steel for gears is very desirable in 
which have to do a deal of rough work for which 
bodi strei^th and durability are desirable. They cost 
doidiie those of iron, but they last more than twice as long. 
Kor is that the only advantage. Tbe liability to fracture 
is so s%ht, that the risk of stoppages of work for repairs 
is much lessened. When sted gears are used it is desir- 
able to keep duplicates, because, unlike iron, steel wheels 
cannot be obtained in less than firom two to three weeks. 

In afl the gearir^ of a crane there is none subject to 
sio great stress as the curb ring, or wheel race. The whole 
stress of tnmir^ the crane with the maximum load at the 
maximum radius comes upon this. And it is not so much 
tbe actttil tumii^ as the sodden starting and stopping that 
stresses the ring. The teeth of this rii^ wear more rapidly, 
and fracture more readily, than those of any other part of 
the i^ear, and sometimes rii^ will fracture across under the 
seventy of their duty. Then the crushing stress due to 
the pressure of the whole superstructure, and of the load 
on the rolkfs wears the surface rapidly, causing the thick- 
ness or depth of the ring to diminish. The following are 
the precautions taken to prolong the life of the curb rings 
of cranesi. 

Cast iron is alwa\^ used, unless otherwise specified, but 
sted is much to be preferred, because of its greater 
stretch, and capacity for wear. Often after the purchase 
of a crane fitted with a cast-iron ring, a steel ring is ordered. 
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and ifacn ihat means lirimg off Ihe whole sujierstructure 
put ihc new ring into place. In many casts, however^ 
this involves so niucli Irouble and delay ihat rings 
made in halves, and collared together. I'he ring, however^ 
b aist entire in order lo preserve its circular form. 
ihcn parted off in a slotting machine with a. J in. or | irf- 
looL Circular hules are drilled in Trom the joint fact 
and cottar ways drilled down tlirough theni, packinf 
pieces are inserted in ihe joints, the round pins placed, 
aiid the cottars driven in, so drawing the joint logc-lher. 
Such a ring is easily inserted and collared up, and as 
easily renio\'ed without interfering with any other part of 
the crane. 

The forms of the teeth are best if struck with Willis' 
Odontograph scale, because that gives great breadth 
the roots. Then the roots should be merged into thi 
rim with specially large radii. No stronger form can bei 
designed. 

The teeth of the pinion that engages with the ring will 
be weak at the roots, but these are always shrouded on 
the top face, and often also cast in steel, occasionally in 
phosphor bronze, which wears excellently. The curb ring 
should be machine-moulded in order to secure the best 
conditions of working. Steel curb rings are liable to cotue 
out elliptical in form instead of truly circular as they ought 
lo be. They can be made circular if the moulder clears 
away the sand from the inner vertical faces of the runners. 
It is the resistance of the hard mould to the massive. 
runners during shrinkage, which interferes with the regular 
shrinkage of the ring all round. In the iron foundry 
the sand is dug away from the runners as soon as tire 
metal has set after [wuring. 

The sectional forms of curb rings shown in adjacent] 
figures, Figs. 140, 141, are used on hand cranes, but lacl 
the strength necessary for steam cranes, I'igs. 142, i 
are used for steam cranes. The bevelled face in these 
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turned to form a path for the rollers upon which the 
superstructure rotates. There is usually a slight coning 
on the rollers and path. The angle on the faces of the 
rings is governed by the arrangements of the superstructure. 
In Figs. 140, 142, 143 the teeth are internal, in Fig. 141 
external. Both methods are in use, and neither has any 
particular advantage over the other, except in so far as 





Figs. 140, 141. 

one happens to be more adapted to the arrangements of a 
given crane than the other. 

The method of fitting the ring to its bed is with a circular 
check or shoulder turned to fit a corresponding shoulder on 
the face of the bed. Many curb rings are bolted down to 
the bed. This, however, is not a good plan, and one of the 
crane-making firms conceived the idea of omitting the bolts 
altogether, leaving the fitting in other respects the same. 





Figs. 142, 143. 



Many rings are now fitted thus, and it is found that the 
teeth are less liable to fracture under the stress of sudden 
starting and stopping, while the frictional surface of the 
ring is sufficient to prevent it from slipping under ordinary 
conditions of working. 

The derricking gear of cranes is operated by a worm and 
worm wheel, the worm being single threaded. There is 
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always a good deal of friction about this gear, so that under 
ordinary conditions there is never any risk of running down 
occurring. Yet it is sometimes the practice to put a brake 
on it. The reason is to be found in wind pressure, and 
the vibration due to working which causes tremor in the 
gear, and makes it slip. A brake when used prevents this 
movement. 

The direction of motion of bevel wheels has to be re- 
versed when they govern the lifting and lowering of loads, 
the slewing of cranes, and travelling motions. This is 
accomplished by the device shown in Fig. 144. Two bevel 
wheels a, a with clutches, run loosely on their shaft, each 




Fig. 144. 



engaging with the crown bevel b, which may be used to drive 
above or below, or at any angle thence to the horizontal, 
according to the arrangements of the crane. A double- 
ended clutch c capable of movement along a sliding feather 
in the shaft on being thrown into engagement with the 
clutch on either one of the bevel wheels, drives that wheel. 
Reversal is effected by coupling the clutch with the other 
wheel, when it is obvious that the direction of motion of 
the crown wheel will be reversed. 

A particular case of gears is that shown in Fig. 145, used 
to transmit motion between wheels which are subject to 
longitudinal changes of position. These are used on travellers 
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having a square shaft a, as shown in the figure. In some 
examples a round shaft is substituted, and key-grooved or 
splined throughout its length. The wheel b comes from the 




Fig. HS- 

crab, having its bearings carried in a bracket attached 
thereto. Wheel c has its bearings <j, dr, in the same bracket, 
which is one reason why the long sleeve cast with the 




Fig. 146. 



whwl is nci cssary, the other being to get a sufficient length 
of driving surf;ice on the square of the shaft. 

An im|K)rtant detail which adds to the strength of gearing, 
ivr ixviuluixs to smooth running, is the use of shrouds, or 
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friction collars. Small cast pinions are mostly single, or 
double shrouded ; single when they must be slid into en- 
gagement with their wheels, double when they are never 
moved endwise, see Fig. 139, p. 137. The shroud or cap 
comes to the points of the teeth and strengthens them by 
perhaps 50 per cent Friction collars, or half shroudings, 
come to the pitch line see Fig. 143, p. 142, in which 
case both wheel and pinion are similarly treated, and 
they run together with the turned edges of the shrouds 
in contact. Two advantages are gained, one in increase of 
strength, the other in smoother running. This is of especial 
value in high-speed gears, in bevel gears where the axes are 
at right or other angles and subject to much strain, and in 
specially heavy gears. 

A ratchet wheel and its dog is shown in Fig. 146. These 
have to be strong enough to sustain the load, hence the 
reason for the triangular-shaped teeth, and their opposition 
to the axis of the dog. 



CHAPTER XI. 
THE SHAFTS, DRUMS, AND BRAKES. 

Forms of Shafts — Keys — Pawls — Square Shafts — Drums — Plain — 
Spiral — Fusee — Warping — Castings — Brakes — Leverage of— De- 
tails — Electrical Brake. 

The shafts of cranes are usually made of steel in preference 
to the wrought iron formerly employed. Their diameter is 
increased from first motion to barrel shaft, and ranges from 
about i^ in. in the first motion shafts of the smallest hand 
cranes and winches, to 7 or 8 in. in the barrel shafts of the 
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Fig. 147. 

most powerful cranes. Standard dimensions are kept in 
crane shops, but diameters are obtained directly from the 
modulus of the section, as given in text-books. 

Shafts are turned only where the wheels go on, in the 
cheapest hand cranes, but in all others they are turned 
throughout their whole length. Or instead, a good deal of 
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rolled bright shafting has been used recently. Shads are! 
key-grooved for wheels, and pinions, ratchets, and brake] 
wheels, squared at the ends for winch handles, and hav6| 
colUrs for pawls. Three typical shafts are illustrated ii 
Fig. T47. A is a winch shaft, b an intermediate, and C : 
bamd shaft The winch shaft a is of tliat type which i 
slid endwise, in the manner explained in Chapter X., p. 138, ] 
a, a, are the sliding lengths of journals, being of necessiljrfl 
long enough to permit of the engagement and disengage- T 
mCTit of the pinions which are keyed on at ^, A c 
pawl s[>ace. Ttie winch handle is shown in Fig. 148, its J 
standard radius being 16 in. to 17 in, When first motion J 
shafts have sliding pinions, the latter slide on feather keys, I 
Fig. 138, p. 136. These are used on all power cranes, 1 
and on many hand-operated ones also. 

The second or intermediate shaft n is usually plain 
shown, with journals at a, a, but it may contain various | 
dispositions of pinions. The barrel or drum shaft C is also ' 
variously modified, but the method of keying it in the drum 
which is indicated in the figure, compare with Fig. 151, 
p. 149, must be noted. Th« journal bearings a, a, may or 
may not be of the same diameter, but the shoulders i, g,- 
which fit into the holes bored in the Unrrel ends, are I 
properly of different diametc-rs in order to facilitate the I 
driving of the shaft into the barrel. 6 is smaller than r by I 
J in., or J in., and ihereforc slips easily through the hole J 
bored for c, and neither shoulder fits, or requires driving, I 
unlil cuich enters its bored hole. 

In filling wheels on small shafts it is sufficient to have 
key bed in the bore of the wheel, and to file a fiat only on I 
the shaft, and this weakens the latter to but a slight extent..! 
But with the heavier wheels and shafts, sunk keys arel 
employed, and then the weakening of ihe shaft is veiy 
considerable. Two courses are then open, either lo ti»-f 
crease Ihe sixe of the shaft locally, that is just at the spoH^ 
where the wheel is keyed on, or to increase it throughoi 
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the whole length. There is little choice between the two, 
but the former would be cheaper when several crabs are 
being made, as costing less for metal ; the latter when one 
or two only were wanted, because the value of the extra 
metal would scarcely exceed that of jumping up, or of 
welding collars on the shafts. 

The barrel wheel is keyed either upon the barrel shaft 
directly, or upon the barrel itself, compare with Fig. 153, 
p. 151. The latter, though slightly more expensive, is the 
better plan, because the torsional strain on the shaft is 
lessened, the wheel forming an integral portion of the 
barrel; and the latter being keyed at each end much 
diminishes the torsional strain. 
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Fig. 148. 





Fig. 149. 



Fig. 149 shows one type of shaft pawl, a being the shaft. 
It is slid over a pin shaft, or spindle b, as most convenient. 
The weight c cast with it prevents the pawl from becoming 
jerked out of engagement with the shaft. Pawls are varied 
in form and proportions, and are most frequently made of 
steel and wrought iron. 

Fig. 150 illustrates a detail in shafting adopted in jointing 
up the necessary length for a square shaft, as used for 
driving overhead travellers, and Goliaths. The ends of the 
lengths are scarfed in the manner shown, and united with 
four or more rivets, countersunk, and filed down flush to 
permit the sleeve wheel (compare with Fig. 145, p. 144) 
to slide over the joint as elsewhere. 
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The hoisting drums of cranes occur in many diverse 
forms, and are used under many co iditions. They range 
from 6 in., to 8 or 9 ft. in diameter. They are plain, or 
grooved, the grooves being made to take either chain, or 
wire rope. The grooves run in one direction only, or right 
and left handed, or they are of fusee form. Drums are 




Fig. 150. 

usually bored, and keyed on their shafts. In some cheap 
classes of work, small drums are cast upon their shafts. 
This is not a good practice, because it makes the shaft hard 
and brittle, and prevents the replacement of a worn shaft 
with a new one. 

The diameter of the drum is one of the factors in the 
power and speed of a train of crane gearing. The smaller 




Fig. 151. 



it is, the greater the power which it transmits from the 
toothed wheel keyed upon it, or on its shaft ; the larger 
it is the quicker the rate of hoisting. Hence, the gearing 
remaining the same, the drums of all quick-hoisting cranes 
are larger than those for more powerful cranes. 

Fig. 151 illustrates a plain drum used for chain, and 
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suitable for cranes of moderate powers. The proportions 
shown are good. The internal recessing next- the bosses is 
done to prevent shrinkage strains which would occur if the 
ends were of the same thickness as the boss thickness. 




Fig- 152 is a spiral drum for chain, the chain links laying 
flat, and edgewise alternately; Fig. 153 shows a drum with 
right and left hand spirals, to lift the load always centrally. 
In these grooves the chain lies diagonally in the same 
position which it assumes on a plain barrel like Fig. 151. 



IS2 



HOISTING MACHINERY. 



The wheel is keyed on the drum, and has friction collars, 
see Chapter X., p. 145. The lugs shown are for the attach- 
ment of the chain. The drums for wire rope have grooves 
of the same shape as those in Fig. 153, but narrower, to 
embrace about one-third the circumference of the rope. 

Fig. 154 is a fusee barrel used for derrick cranes, the 
rope or chain used rising up on the larger diameter of the 
drum, and there coiling faster as the jib is hoisted up, — 
the effect is to keep the load approximately level at all 
radii of the jib. In Fig. 154 the ratchet wheel is cast on 
the drum, a common practice. Fig. 155 is a warping drum 
as used on steam hoists for hauling trucks along with a rope 
payed round the drum. 





i^'ig. 154. 



Fig. 155- 



In the case of the plain barrels up to about 24 in. in 
diameter, entire patterns are used, above that dimension 
loam patterns are employed, or loam moulds are struck. 
For the barrels below about 24 in., standard patterns are 
kept for standard work. Even for cranes of standard type 
the diameters of the drums are often varied to suit different 
radii of lifts. And in miscellaneous work drums occur in 
all diameters and lengths. Since too these patterns occupy 
a considerable amount of store room, the practice is to 
keep a few barrel patterns of definite diameters as 10, 12, 
i3i i4> 15 in., &c., and long enough to include any length 
likely to be required, together with flanges of different 
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diameters, and make up any barrel patterns therefrom to 
definite dimensions when ordered. 







Fig. 156. 
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In most hoisting machines the load is capable of being 
lowered with the brake, that is, when the load is in sus- 
pension, it is capable of being so retained for an indefinite 
period by the friction of the brake. Also, by 
momentarily releasing such friction, the load can 
be released, and lowered to any required degree, 
minute or otherwise, and again arrested by 
putting on the brake. 

With few exceptions, the brake is simply a 
smooth turned wheel embraced by a strap of 
wrought iron, with, or without intervening flexible 
wood, or leather lining. Fig. 156 represents the 
usual arrangement, by which it is seen that 
immense leverage is capable of being exerted on 
the strap. The blocks are properly made of 
willow, or poplar, screwed to the wrought-iron 
strap. The lever is, in winches or cranes, worked 
by hand or foot, and it may be on the right or 
left hand side. The brake is either on the second, 
or the third motion shaft, to gain the greatest amount of 
power. It may be cast as a ring on the barrel wheel, or be 



Fig. 157. 
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a separate ring with arms, and keyed on independently. 
The former is the plan to be preferred. Sometimes the 
brake is made to embrace the teeth of the barrel, but this 
is bad practice, wearing out the brake band rapidly. 

In Fig. 156 the leverage exerted at a on the length a 
of the lever b sets up tension in the strap b, with friction 
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Fig. 158. 

round the band wheel c, shown in this case on the same axis 
as the drum d, whence the load on the chain e is controlled. 
The power of the brake depends to a large degree on the 
portion of the circumference of c which is embraced by the 
strap b^ usually about three-fourths. The load on the rim 
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Tig. 159. 



Fig. 160. 



of c is found by multiplying the load on e, by half the 
diameter d of the chain centres of the barrel, and dividing 
by half the diameter <f of the brake wheel. If the circum- 
ference embraced is three-fourths, three-fourths of the result 
is taken, and divided by the leverage of the handle b, that 
is, of the length a over a\ the final result giving the load 
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which has to be exercised on the end of b to measure the 
holding power of the brake. 

Fig. 157 is a section through a brake wheel cast as a 
separate piece. Often, however, brake wheels are cast on 
toothed wheels (compare with Fig. 139, p. 137). Fig. 158 
illustrates a typical brake strap. It is made of a strip of 
iron or steel, riveted to straps at the ends, with eyes for 
the brake pin. In the best brakes the straps are lined with 
short blocks of wood, from 3 to 4 in. wide, renewed when 
they become worn down. Leather is also used to a certain 
extent Fig. 159 shows an anchorage for a brake, com- 
prising a casting bolted to crane cheeks, the lug forming 
the anchorage, and the boss receiving the pin. 

Fig. 160 is a typical magnetic brake, with two solenoids. 
When the current is on, it passes through these, holding 
down the keeper on the end of the lever, and keeping the 
brake strap off. Should the current be cut off, or fail from 
any cause, the keeper is released, and the counterweight 
instantly pulls the brake on. The action of the brake is 
prevented from going on with a jerk by a spring buffer in a 
box next the solenoids. 
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CHAPTER XII. 
CHAINS, PITCH CHAINS, AND ROPES. 

Type of Chain used for Cranes— Dimensions — Periodical Inspection — 
Taking out Twist — Plain versus Grooved Drums — Pitch Chains — 
Their Utility — Types — Hoisting by Pitch Chains — Wire Ropes — 
Diameter of Drum or Sheave — Care of Wire Ropes — Length of 
Splice— Cotton Ropes — Manila Ropes — Wear of Ropes— Length 
of Splice — Speed of Ropes — Diameter of Pulleys. 

Chains and ropes are used for lifting and hauling, pitch 
chains for transmission of power at comparatively short 
centres. Ropes are used for transmission over long dis- 
tances. Of late years there has been a growing disuse of 
chains for hauling in favour of wire ropes. 
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Crane chains are of the short link type, without studs, 
and may be safely worked to half the proof stress. The 
size is of course reckoned as that of the diameter of the 
iron from which the links are made, and the lengths and 
widths of links are given in proportions of the diameter, 
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Fig. i6i. The annexed Table gives those proportions for 
chains langing from J in. to i^ in. 
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When making cupped pulleys it is necessary to make 
the recesses to suit the chain with which they are to be 
worked. The reason is, that as the links are welded by 
haitd, slight variations occur in the dimensions of chains 
normally alike. 

The chains used on cranes vary from J to ij- in. size 
of iron. But it is not always advisable to use the largest 
chain. It is frequently better to employ a smaller size, 
with a return or snatch block. The most useful sizes range 
from ^, to IJ, or j in. Above this, chains are >'ery 
stiff and clumsy, and, special cases excepted, it is better to 
use wire rope when a direct quick lift is desired. 

Chains need periodical inspection and annealing to pre- 
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vent or delay the setting up of crystallisation in the iron. 
These operations should be performed at least once a year 
in the case of cranes which are in constant use. The links 
are examined individually by inspection, and are tapped 
with a hammer to detect the presence of incipient cracks. If 
such are found present, the faulty link or links must be cut 
out. Annealing is done by heating the chains slowly in a 
clear fire, or in a furnace, free from contact with fuel, letting 
them remain at a red heat for a day, or a day and a night, 
and allowing them to cool down slowly. They are then 
reeved round a sheave pulley and protected with a coat of 
boiled linseed oil applied with a brush. 

Chains are very liable to become atwist, which tends to 
produce strains under the action of a load. New chains are 
often twisted. It is removed by laying the chain out along 
on the ground, and turning it about until the twist is taken 
out When a chain becomes twisted on its drum, the slack 
is run out, and the twist removed by turning it at the snatch 
block. 

It is in every way better to use grooved drums for crane 
chains than smooth ones. In the latter the chains are 
liable to override, especially at high speeds, and then 
slipping off, surging, twisting, and overstraining takes place. 
Running in grooves, the chain is compelled to follow its 
proper course, besides which it is supported alternately on 
flats instead of being strained across the angles. 

Pitch chain is used to transmit power for short distances. 
Its principal applications are for transmitting motion from 
the driving axle to another driver on the trucks of portable 
cranes, and operating the ground wheels of Goliath and 
gantry cranes from a shaft running alongside the gantry 
beams, and which is driven by the crab engines. 

Pitch chains are used for transmitting movement to the 
wheel axles of travelling cranes and Goliaths, because the 
centres are too far apart to be covered by toothed gears, and 
shafts. The drive is positive, and there is no limit within 
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n to which il is not applicable, since it ranges from a or 
» fL to JO or 40 ft The chains fit over tcclh of suilnble 
^imn cast with their wheels. 

Pitch chains arc usually made by the crane-makers 
|ilhenisclvc& in pairs of links only, instead of in thin laminre, 
Bfig. 163. which is the better plan. They arc siain[>cd in 
■d■u^ and drilled in jigs, the pins are turned in a turret Inlhe, 




Hid the ends riveted over by hand. The small si^es of 

• are still usually made with single-plated links, but 

lh>^ ones should have more llian one, because greater 

■nfcty is lecured in this wny thnn with a single thick link. 

re stud chains alw.iys, and the links are riveted over 

I each end. The sprocket wheels arc cast from paliems 

D iron, or in steel, and the links as a rule fit to the rough 
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castings. In high-class work, and for heavy transmission, 
the teeth of the wheels are properly tooled, either by slotting, 
or preferably milling. 

Pitch chains are used to a considerable extent on the 
Continent for hoisting, though they are scarcely used here. 
In place of the usual barrel, a sprocket winds up the chain, 
and the slack of this is run into a box as it is hoisted 
(see Plate). 

Hempen ropes have been employed on cranes for more 
than a century. They are still used for light warehouse 
cranes, derricks, and winches, but are sddom employed 
for loads of more than from lo or 15 cwt. But they are 
utilised as slings for hoisting weights much heavier. 

Wire rope on the other hand, though its introduction 
dates back only about twenty years, is used alike for the 
heaviest, as for the lightest loads, and is in fact the best 
thing to employ on the biggest cranes, because, if for no 
other reason, that it occupies much less space than chain 
of equivalent strength. It is safer than chain, because it 
gives warning by stretching before fracture. But it requires 
larger drums in order to avoid risk of stretching of the 
outer strands when the ropes are being coiled round. 

The kind of rope commonly used is a specially flexible 
one composed of six strands, each of twelve wires, enclosing 
a hempen core, and the whole being laid round a hempen 
heart. These are termed compound ropes. If a very high 
degree of flexibility is required, a larger number of wires of 
smaller size is used, the hemp cores being diminished in 
size, or omitted, excepting the centre one or heart. Ninety 
tons per square inch is the breaking strength of the wire, 
though a higher strength is obtainable if desired. The ropes 
which are made entirely of wire weigh of course more per 
fathom than those with hemp cores. 

The minimum diameter of drum or sheave around which 
wire ropes should be wound is thirty times the circum- 
ference of the rope used. A wire rope occupies about 
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to a thimble, Fig. 163, both for attachment to the drum, 
and to the hook, see p. 177. In hght cranes the thimble 
is sometimes omitted in the case of the drum fastening, 
and instead a tapered hole is cored in the lug, the plain 
end of the rope passed through it from the small end, and 
tightened at the large end by driving in a steel wedge. 

An important difference in the hempen and the wire 
ropes is the length of the splice. From 6 to 9 ft. is long 
enough for the former, the latter varies from 30 to 60 ft. 
When a rope is closed in the opposite direction to that 
in which the strands are laid, 15 ft. is unlaid at each end 
to form the splice; when closed in the same direction, 
30 ft. is unlaid at each end for splicing. 

Cotton rope driving is still largely employed on overhead 
travellers, and on single rail cranes, notwithstanding that 
electric driving has been busily supplanting it. These 
ropes have in many instances given much trouble, due to 
several causes, so that their average life is much less than 
that of main driving ropes. The principal reasons are, 
that less care is usually taken in regard to having the 
pulleys large enough, smooth in the grooves, properly 
balanced, and in the avoidance of sharp bends. 

Cotton, and manila, are preferred to hemp for crane ropes, 
because they are softer, more flexible, stronger, stretch less, 
and are more durable. Cotton is used with us, manila 
is extensively employed in America. Four strands are 
used in preference to three. Mr Hart's ropes are made 
of cotton alone, and each strand has a core which is not 
twisted, so that the tendency to stretch is as good as 
eliminated. Each central core is covered spirally with ten 
twisted cords of cotton yarn. Experience shows that 
equally good results are obtained with manila, or cotton 
ropes, if equal care is bestowed on the size and shape of 
the pulleys, and on lubrication. 

In the manufacture of manila ropes the fibres are first 
spun into a yarn twisted in a right-hand direction. From 
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twenty to eighty of these yarns are then twisted together 
in the opposite direction, the number depending on the 
size of the rope. Four of these strands are then twisted 
together right hand to form the rope. The effect of strain 
on the rope is therefore to cause these opposite twists to 
neutralise one another, or nearly so. 

It is because it is impossible to make these exactly 
neutralise each other that the twist has to be taken out 
of a new rope. A certain amount comes out in the course 
of the wear of the first day or two, and the rope stretches, 
but afterwards the length will remain nearly constant unless 
the rope is overloaded. 

/ Ropes wear either externally, or internally. The first is 
due to the friction between the rope and its pulley, and 
the constant bending of the fibres round the curves of 
the pulleys. The second is due to the friction of the 
fibres over each other, as the rope is alternately bent and 
straightened, the result of which on opening a badly worn 
rope is seen in the form of powder. To reduce this, the 
yams of good manila ropes are lubricated with ^ plumb ago 
and tallow, besides being rendered partly waterproof. ^^^ 
"''Xfrequent cause of failure in ropes has been too short 
a splice, or a splice not evenly made. A short splice of 
2 or 3 ft. will inevitably be pulled out. The length should 
not be less than stated above. Oa its evenness or otherwise 
also its durability depends. It should not be larger or 
smaller than the rest of the rope. 

3,300 ft a minute is a good average speed for crane 
ropes. Ropes must not be overstrained ; they are not 
worked in good practice beyond about one -twentieth of 
their breaking strain reckoned at the splice. 

The diameters of pulleys for crane ropes should not be 
less than forty times the diameter of the rope. 



CHAPTER XIII. 

CHAIN PULLEYS, SPROCKET WHEELS, 
AND ROPE WHEELS. 

^ J< J k . matd OS Cnoes— Pfaun Wheels— Flanges — Capped 
" WlHeis wkk Nibs — Sprocket Wheels — Rope 



PcuLCTS OQ czaoes are used for various purposes, as fixed 
s«&irs iv akerii^ the direction of movement of chains or 
i^'ipesi. BMvable poUeys, as in snatch blocks, and in the 
;«&T b&ocksw They are either plain, or cupped to receive 
^ ^23ks of the chains. And they are simply revolved by 
the OKician of dieir diains or ropes, as in hoisting and 
lo««n:^ or they esat a poll on the chain, as in cupped 
drasBS azMi sprocket whe^ whidi are used for the travelling 
jod other $ious of cranes. 

The «vt>c«al kwms of pulleys vary with these functions, 
aisid «idx the mtuxe of the lifting agent employed, which is 
etcher :shoit hnk chain, or round wire rope, or hempen rope. 

rUm wheels lor chains are those in which the section is 
\\xKan^xKS alt lound. A concave section is very common, 
biHt II is sl^rhtly open to objection, because the chain lies 
%iu^>tu!)T in the groofe, and is subject to strain due to the 
$^ |>ftsstti^ on the links. But the chief practical objection 
1$ ihAl the chain is haUe to twist in its length, since there 
i$ ivthit^ m the way of coercion exercised to keep it in line. 
In the hoa>^ (yp^'^^ ^ cranes^ therefore, the sheave wheeb 
^liencralh^ ha^^ a groov^ section similar to that on drums, 
y^x 15^^ p. 150, in which the chains ride flatwise, and every 
a)^enMll« hnk &Us finely into the groove. In slow-moving 
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cranes, as on some of hydraulic type, flanges are sometimes 
omitted, as they are not really necessary in such cases. In 
no instance must flanges be allowed to come into contact 
with the edges of the chain links, but a side clearance of 
from I to J in. must be allowed. Without this clearance 
the chain will bear hard against the flanges, and burst 
portions of them ofl". For a rapidly moving chain liable to 
surging, the flanges are a safe- 
guard, and should always be 
included. All pulleys of this 
dass must be of large diameter, 
otherwise the links are unduly 
stressed, being strained over 
them. 

The cupped form of sheave. 
Fig. 164, is used when the 

chain has to be led by the sheave, or to lead it positively 
without slip. These wheels are troublesome to make cor- 
rectly, and a perfect working fit is not easily retained because 
the chains stretch with use. Hence they are usually of 
small diameter, a matter of no moment in this case, as in 
the plain types instanced, because each alternate link lies 




Fig. 164. 





Fig. 165. 



flat in its recess, and is not strained by any bending action 
as when running over a plain pulley. 

Chain wheels with nibs are used for operating light hand 
travellers, both for travelling the girders, and the crab. 
They are of the section shown in Fig. 165, and the nibs 
are cast at intervals to aflbrd a bite to the chain by which 
the wheel is pulled round. They are also used for actuating 
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the racking carriages of triangular-framed wall frames. They 

are efficient for their purpose, owing to the frictional contact 

afforded by the nibs round the large arc of contact, — half 

the circumference afforded by the pulley rim. 

Sprocket wheels are a special type of chain wheel used 

for pitch chain, for transmitting motion to the travelling 

wheels of portable j and Goliath cranes. They are cast in 

iron, or in steel, and the pitch of the sprockets or teeth is 

the same as the pitch of the chain. The disadvantage of 

this is, that as the chains stretch with service they override 

on their teeth. In the Renold system of chains, which 

have been also fitted to cranes to some extent, this is 

prevented by adopting a different pitch for the 

wheels from that of the chain. But this refinement 

is not generally adopted by the crane-makers. 

Sprocket wheels are designed with the idea, that 

when a wheel and chain are in engagement all 

teeth are acting, and that no slipping can occur. 

But though a wheel and chain may be made to 

fit thus when new, yet as soon as work begins the 

chain lengthens, both in pitch, and in its pivot 

bearing, and thus after a little service it can never 

!?• ,/u: be in contact with more than one tooth at once. 
Fig. loo. . . . 

A result which follows is, that the driving wheel 
tends to run faster, and the driven wheel slower than the 
chain. Mr Renold designs wheels and chains with different 
pitches and tooth shapes to correct these errors, and uses 
cut wheels invariably, as cast ones are not accurate enough 
to give good results. 

Rope wheels have come into very extensive use since the 
development of the wire rope industry. Previous to that, 
the rope wheels used were made for hempen, and cotton 
ropes, forms which have much in common. 

Pulley grooves should always be turned, to prevent the 
fraying of the wires of which the rope is composed, and this 
applies to hempen as well as to wire ropes. A rough cast 
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rim wears out a rope very quickly, the most marked examples 
of which are furnished by the transmission pulleys of cotton 
rope travellers. In a correct section for a rope wheel, the 
point to observe is, that the rope bears only on the bottom 
of the groove. The side clearance prevents the unnecessary 
and injurious friction which would occur if the rope were in 
contact with the groove round its semi-diameter. 




Fig. 167. 

A peculiar form of rope wheel for hempen ropes has been 
used on many travellers, and called the wave wheel, Fig. 
166, so-called because a waved or sinuous disposition is im- 
parted to the lower part of the groove in which the rope 
lays. This is imparted in order to increase the bite of the 
rope, and is very efficient. The wheels are rather expensive. 
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and are not now used to a great extent, being chiefly cm- 
ployed for ropes to actuate the gears of light travellers, &c. 
Figs. 167, 16S illustrate two forms of the rope wheel, 
the first with wrought-iron arms, the second with cast Both 
types are used on overhead travelling cranes operated by 
hand, the ropes being dependent The arras in Fig. 167 
are strutted, that is they lie alternately in different planes. 

Ml 
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Pig. 168. 
where they enter the boss into which they are cast Fig. 
168 shows the guide pulleys frequently used to bring the 
lower portions of the rope around a larger arc of contact 
with the pulley than is obtained in the case of the large 
pulley. Fig. 167. Tee-shaped guides are fitted in each case 
around the centre pin, to prevent the rope from getting ofl^ 
I he pulleys. 



CHAPTER XIV. 

HOOKS, SNATCH BLOCKS, AND 
ANCHORAGES. 



The Forms of Hooks — Snatch Blocks — Cast-iron Blocks— Built-up 
Blocks — Shackles — Ball Races — Anchorages of Chains. 

The hooks of cranes are single or double. They are at- 
tached directly to their chains, or with an intermediary 
swivel. They are mostly open. When the attachment at 
the termination of the chain is closed, it is termed a shackle. 
Hooks are used with or without snatch blocks. They are 
made usually of best wrought iron, bent round to retain the 
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Fig. 170. 



greatest strength of the fibre. In recent years hooks have 
been made of mild steel stamped in dies. A plain hook is 
shown in Fig. 169, with an eye only, for direct attachment 
to its chain or rope. A swivel hook is seen in Fig. 1 70. 
The weakest section of a hook lies along the plane a — a, 
Fig. 169, due to the leverage of the load. The largest 
section of metal is therefore massed there. I'he sections 
across the eye are only subject to a direct pull. In Fig. 
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171, which is a sling chain, the method of attachment of the 
form of hook in Fig. 169 is seen. In Fig. 172 the swivel 
attachment of the hook in Fig. 170 is shown, together with a 
counterbalance ball weight by which the slack of the chain 
is overhauled when there is no load being lifted. The hook 
in Fig. 169 is never used for any but light and moderate 
loads, that in Fig. 170 is suitable for all loads. 

The snatch, or return block is used on all cranes except- 
ing those of low powers, in order to increase the lifting 





Fig. 171. 



Fig. 172. 



power without unduly increasing the size of the chain, or 
wire rope which sustains the weight of the load. The 
designs of these blocks vary to a wide extent Essentially 
they comprise cheeks, a pulley or pulleys, and a swivelling 
hook. 

Cast-iron snatch blocks are used sometimes for small 
cranes, being cheaper than those built up of plate and 
forgings. One of these is shown in Fig. 173; the cheeks 
are formed of two castings flanged inwardly and planed in 
the joints. They are fastened with bolts. The metal is 
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thickened to form bosses for the pulley pin. The hole for 
the hook is so bored that no countersinking or riveting is 
necessary, but the hook is turned to fit the enlarged hemi- 
spherical seating for it, in which it swivels. The hole is 




Fig. 173. 



Fig. 174. 



slightly bell-mouthed at the bottom, to allow the hook 
freedom of movement in the horizontal plane. 

Fig. 174 shows a snatch block formed of two side plates 
of sheet iron or steel, stiffened with side bars, which take 
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Fig. 177. 



the load, and kept apart with distance pieces. The hook 
swivels in a block through which its neck passes, and in 
which it is secured by riveting over. In Fig. 175 the cheeks 
take the form of two forged crosses main- 
tained apart by distance pieces. The hook 
swivels as in the previous case, in a block 
of steel which also forms a distance piece. 
Fig. 176 is a heavy type of block with 
three pulleys for wire rope. Here the 
method of construction is with forgings, 
which take the pulley pin, and the necks 
of the swivel block, and steel plates stiffen 
the whole arrangement. Intermediate plates separate the 
pulleys, being maintained at their proper distances apart by 

short distance pieces of tube. 
In this example the hook is 
double — the ram's horn — a fre- 
quent type adopted in very heavy 
cranes, permitting of the use of 
two chains better than the com- 
mon type does. 

Fig. 177 shows a light form 
of shackle separately from its 
attachment, and Fig. 178 one of 
heavier type, fitted to swivel in 
its snatch block. These are 
generally used for very heavy 
loads. Frequently a shackle like 
Fig. 177 is inserted in one like 
Fig. 178, and the lifting chain is 
carried on the former. There is 
then no risk of the chain slipping 
out as there sometimes is in the 
case of an open side hook. These take the place of a 
safety hook, that is, one in which the open side is closed by 
a spring contrivance after the insertion of the load, to pre- 
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vent its pulling off the hook, which is very possible in some 
cases, where the road may tilt, or touch ground. Shackles 
like Fig. 177 are used for the attachment of the return 
chain at the crane end, as at the top of the jib. 

At the present time large numbers of cranes have their 
crane hooks made to swivel on ball races. It used to be a 
terrible task to slew the hook of a heavy crane when loaded. 
Oil was applied to the neck, and men pulled round at the 
load. A device also used on heavy cranes is worm gear, 
the worm being turned by a ratchet handle, so actuating the 
worm wheel on the axis of the hook. Then several hardened 
washers were used to lessen the friction, following that, 
conical roller races, borrowed from the turntables. A good 
number of these have been fitted, and are doubtless the 
best for the very heaviest loads. These rollers and races are 
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Fig. 180. 



turned in cast steel, but no attempt is made to harden them. 
Recently ball bearing makers have turned their attention to 
those fittings, and supply hardened and ground roller races 
for crane hooks. Owing to the imperfect methods which 
were adopted in making the early roller races, they were far 
from satisfactory, and so ball races were introduced. Many 
of these have been made incorrectly, with the sloping sides 
of the races of equal length and angle, which causes the 
balls to slide partly, instead of rolling simply. The correct 
method is shown in Fig. 179, in which the points of contact 
lie along lines drawn radially from the centre. These 
points are in the same relation then as in conical rollers. 
Another shape which is much fitted to races is that 
shown in Fig. 180, in which instead of four bearing, 
points, two only are provided, at the bottoms of concave 



ATTACHMENTS OF CHAINS. 1?$ 

grooves. In the HoflTman ball race a self-adjusting device 
exists in the fitting o( a floating ring which slips on a 
conical seating in the ball case. As the hook thererore 
sways a few degrees out of the perpendicular, the close 




F%. i8i. 
contact of the balls between their scatings is maintained 
intact and perfect. Besides this, a retaining ring or wire 
prevents all risk of the balls jumping out of place when the 
bearing is taken out. 




Fig. i8i. 

The end of the chain next the barrel or hoisting drum is 

attached in such a way as to remain permanently fastened. 

This may be done in several ways. One is to bolt an eye 

link or shutting link to one of the flanges, Fig. i8i, or to 
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the body of the drum, Figs. 182, 183. But this is not so neat 
a method as some others. Another and common way is 




to cast a lug on the drum. Fig. 184, and pass an eye boh 
through iL This is a good plan. Another is to core a hole 




in the barrel to receive the end of an eye link, and fasten it 
with a screw, Fig. 185, passed through from the outside. 




This also is a good method In the case of wire ropes, a 
method sometimes adopted, though not a good one, is to 
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cast a lug with a taper hole, insert the end of the rope from 
the smaller end, and wedge it out at the other, Fig. 186. 




Fig. 186. 

The best method is that shown in Fig. 187, where the wire 
rope is brought through an opening cast in the drum, and 
its eye, with a thimble inserted, is passed between lugs cast 




Fig. 187. 

internally, and there secured with a pin passed in from the 
end of the drum. 

M 



SECTION II. 

THE METHODS OF OPERATION OF CRANES. 



CHAPTER XV. 

HAND, STEAM, WATER, AIR, AND 

ELECTRICITY. 

Radius of Winch Handles — Height from Platform — Rope and Chain 
Wheels — Steam Power— Class of Engines used and Boilers — 
Water Power — Its Utilities and Limitations— Air — Types of Air 
Hoists — Electricity — Its Value — Reversals of Motion — Early and 
Later Motors — Advantages of Electric Drive. 

The methods of operation of cranes include Hand Power, 
Steam, Water, Air, and Electricity. With some few excep- 
tions these are in rivalry, in the same classes of cranes. That 
is, in certain types of cranes, examples occur in which each 
agency is employed, in other types four come into comp)eti- 
tion, in others three, or only two. 

Hand Power. 

This is the oldest method of operating cranes, and one 
which retains its hold very tenaciously. There will always 
be room for hand cranes of nearly all types, but in many 
cases they might, when retained, be superseded with advan- 
tage in regard to speed, and with much economy also. The 
proper sphere for a hand crane is when the work done is 
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very intermittent, when long intervals of idleness elapse 
between spells of service, and generally when but moderate 
loads have to be lifted. 

At one time all cranes were operated by hand, then came 
hydraulic, and steam power, afterwards air, and finally elec- 
tricity. Hand power is nevertheless of great value still in 
very many instances. 

The simplest application of the latter is through winch 
handles. These are usually of i6 or 17 in. radius, and the 
power of a man exerted at that radius is multiplied into the 
circumference of the circle described by the handle. The 
power which a man is able to exercise is very variable, 
depending on the time through which it is maintained. 
Fifteen pounds is usually taken in calculations as being an 
average continued through a day's work. Some estimate on 
a basis of 20 lbs. For short periods from 25 to 30 lbs. can 
be taken. 

The height of the handles is generally fixed at about 3 ft. 
from the ground line, or from the platform on which the 
man stands, as it is found that he is best able to exercise 
his maximum energy with the handles at about that height. 
Bringing them higher or lower involves reaching too high 
or too low, at the extremes of height or depth during the 
revolutions of the handles. 

Winch handles are fitted to warehouse, and wharf cranes, 
to fixed, and portable cranes, and to overhead travellers. 

Another method of operation by hand is through rope, or 
chain wheels. The application of these lies in overhead 
travellers, and in the Jennys of triangular-framed cranes, 
where the man opferates from the ground. The rope or 
chain comes down to within easy reach, and pulling at 
it turns the wheel above, and with it the gearing. The 
mechanical gain obtained is the same as that of the winch 
handles. The wheels used have plain rims, or they are 
waved, or have nibs cast on to increase the bite of the rope 
or chain, see Chapter XIII., p. 165. 
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Steam Power. 



This has filled a wider place in crane driving in the past 
than it is likely to do again. Like hand power, it cannot 
be wholly superseded for many years to come, if ever, but 
its sphere will be narrowed. Steam is used for driving 
every type of crane made, from the lightest to the most 
powerful. It is so easy to put an engine on any crane, 
and it matters little how roughly made it may be. A 
boiler too is an excellent counterbalance to a jib. 

It is the practice in crane-making firms to have a few 
standard types of engines and boilers, and make these do 
duty for nearly the whole range of steam cranes of all classes, 
relying on the gearing to make up the power wanted at the 
hook. Such engines and boilers are of simple type. The 
cylinders are bolted to side frames, or to foot plates, or beds, 
according to the class of crane, or crab, the steam works ex- 
pansively with a single valve set with a lap, giving admission 
during about three-quarters, or five-eighths of the stroke, and 
the steam exhausts into the atmosphere direct. The nature of 
the service is not such as to admit of any of the usual econo- 
mies that are practised with high class stationary engines. 
The service is very hard, an enormous quantity of steam being 
required during the performance of maximum duty, besides 
which the service is usually of a more or less intermittent 
character. During intervals of loading it is usually necessary 
to fire hard, in order to get up the pressure that has run 
down quickly while lifting. 

The boiler employed is, with very few exceptions, of the 
common vertical type, as being easily fired, and kept in 
working order. The number of cross tubes, and the various 
^it:tails^ depend on the dimensions. The tubes number from 
vWKj »> three» in the smallest, and largest boilers respectively, 
t he cn>wDs are stayed, fire bars are cast, or wrought, and 
^wiK<j«iiy the shell is lagged with wood, or sheet iron, to 
.csK»;u ihc rajiation, and waste of heat. Besides these a 
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good many verticals are used which have patented arrange- 
ments of Bre tubes, the specialities of firms. Horizontal 
locomotive type boilers have been used to a limited extent 
on some large cranes. 

Water Power. 

Water is used for fixed cranes chiefly, though systems of 
jointed or walking pipes provide means for its conveyance 
through a range of a few feet to some special types of port- 
able cranes, chiefly those which are used for riveting. Many 
of the great fixed cranes on our quays and dock walls are of 
hydraulic type, and so are many of a much lighter class in 
warehouses and shops. This is an admirable source of 
power for cranes of fixed type. 

The movement of a hydraulic crane is smoother than that 
of a steam-driven one, and is more perfectly under control. 
It is, however, more complicated, and massive, load for load, 
the cylinders and chains occupying a good deal of room, and 
the base is of large proiX)rtions. The hydraulic crane is 
however, preferable to steam for fixed wharf duty, and for 
warehouses. It is a fair rival to steam for heavy work on 
dock sides. For carrying hydraulic riveting machines along 
over their work it is the best agency at present. An objec- 
tion to water power is frost, but this is guarded against in 
cold climates by bringing the pipes underground, and by 
admixture of glycerine with the power water. The latter is 
also let out of the pipes and cylinders at night. The relative 
pressure of water is a question of area of rams or pistons. 
The length of stroke is either direct, or altered by chains or 
pulleys. 

Air. 

The power of compressed air has only been successfully 
applied to the hoisting of loads during a comparatively 
recent period, and the greatest development of this agency 
has occurred in America. It is not employed for very heavy 
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cranes, but for the lighter ones only, and the hoist is usually 
direct, that is, the maximum height of lift is the same as 
the full length of stroke of the piston in the air cylinder. 

Tile usual form of air hoist comprises an air cylinder of a 
few inches in diameter, and a close-filting piston and rod, from 
the lower end of which the load hangs. The great objection 
to this type of machine long was, and still is, in certain 
cases, that the elasticity and compressibility of the air induces 
a jerky motion in the piston, which is fatal to precise and 
safe lifting. This no longer holds good in the best hoists, 
which are governed in various fashions. The result is that 
the light hoists capable of lifting loads of a few hundred- 
weights are used by thousands in American foundries, and 
machine shops, in warehouses and stores. A system of 
pipes conveys compressed air throughout the area to be 
served, and the hoists are connected thereto at intervals 
with flexible pipe. 

Besides the single vertical cylinder type of hoist, there are 
the horizontal, and inclined cylinder types used in crane 
framework, and those which are suspended by gimbal joints 
from traveller beams along which they are traversed. 

There are a few lesser used types of air-operated cranes, 

in which small three-cylinder engines produce a rotary 

motion, and are fitted to travellers, in the same fashion as 

electric motors. 

Electricity. 

The general application of the electric current dates from 
about 1890, though isolated examples might have been 
found at an earlier period. It is rather astonishing how 
this has grown since. The electric traveller has been 
affected by the innovation more than any other single 
type, the gantry type of wharf crane following that. 

The electric drive owes its value to the fact that a simple 
wire conductor bridges over any interval that separates the 
crane from its source of energy. Instead of generating 
energy on the crane, as in the steam-driven type, it is 
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brought from a dynamo elsewhere, and reconverted into 
motion by a motor or motors on the crane. Dead weight 
is thereby lessened, great distances offer no difficulties, and 
pipes are abolished. No steam, or objectionable fumes, are 
produced. It is therefore on the overhead travelling types 
of cranes that the electric drive achieved its first and its 
greatest triumph. 

But the first difficulty encountered was due to the fact 
that all cranes have to be reversed at frequent intervals for 
the two movements of hoisting and lowering, travelling and 
traversing. All crane engines are made for reversal, and 
where the actuating agent runs constantly in one direction 
as does the cotton rope, the intricate mechanism of clutches 
and sets of gears, or of open and crossed belts, comes in. 
When the first motors were put on cranes all this mechanism 
was necessarily retained, because the motors ran only in one 
direction. Not until some years after were reversible motors 
fitted, but now they are generally employed, with the result 
that much complicated machinery is dispensed with, lighten- 
ing the crane and vastly increasing its efficiency. 

Another point is, that the early motors were all very high 
speeded, much higher than any of the movements of any 
crane, and so a considerable amount of reducing gear be- 
came necessary, which increased the friction, and frictional 
losses. Then slower speeded motors of large dimensions 
were introduced, and the gears reduced, at which stage the 
modern electric crane has arrived at the present time. The 
early open motors have practically universally given place 
to the enclosed type, which may be surrounded by a large 
amount of dust and dirt without injury. 

The advantages of the electric drive are so great that 
every year now adds enormously to the numbers of new 
cranes so operated. In the old overhead travelling cranes, 
whether driven by square shafts, or ropes, the shafts and 
ropes were running constantly, though the work of the crane 
might be very intermittent. But in an electric crane none 
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of the mechanism is running until the attendant switches 
on the current. 

Further, the same amount of power is transmitted in the 
older overhead cranes for operating all the various motions, 
though there is a wide difference in the power used in 
hoisting, travelling, and traversing. In a modern electric 
travelling crane each of these movements is operated by its 
own motor of a power adapted to its work. In a good 
many cranes also an auxiliary hoist is included for dealing 
rapidly with very light loads, and this also has its own 
motor. 

An advantage of the application of the electric current to 
light hoists is that their speeds can be increased very greatly 
over those of the hand operated differential type, yet without 
sacrificing safety, because the hoist, through the magnetic 
brake, is self-sustaining. 

The employment of the new agents, air, and electricity, 
marks a very great advance in crane design, which is 
paralleled only by the introduction of steam, and of water 
in the past. It would be easy to dwell at length on this 
forecast, but space forbids. 



SECTION III. 

THE MATERIALS USED IN CRANES, AND 
THEIR SPECIFIC APPLICATION. 



CHAPTER XVI. 

TIMBER, CAST IRON, WROUGHT IRON, 
STEEL, GUN-METAL, PHOSPHOR 
BRONZE, AND DELTA METAL. 

Timber — Kinds used, and Specific Applications — Cast Iron — Its 
Utility — In Trucks — Cheeks — Cross Girders — Wrought Iron and 
Steel — In Trucks — Cheeks — Tension Roads — Gun-metal, &c. — 
In Bearings, Gears, &c. 

The materials used in cranes are not always similar even 
for cranes of similar types and dimensions. The following 
remarks will, however, cover most of the conditions which 
exist in general practice. 

Timber. 

Timber is not used to nearly so great an extent in 
crane work as of old. Yet a considerable amount enters 
into the construction of hand cranes, hand travellers, 
Goliaths, and derricks. It is put into trucks, cradles, the 
uprights of Goliaths, and gantries, and the jibs of cranes. 
It is a good and reliable material, lasting sound from a 
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quarter to half a century, with reasonable protection. The 
kinds used are red deal, pitch pine, and oak, all excellent 
materials when sound. Pitch pine is of espjccial value, 
because it can be obtained in long balks from lo to i6 
in. square, dimensions which are often required for overhead 
travellers, for Goliath framings, and for crane jibs. Oak is 
used chiefly in smaller sections of jibs, for which, if sound 
and well seasoned, it is an ideal material. Timber is used 
freely for the entire framings of derrick cranes, of triangular- 
framed cranes, for foundry and warehouse service. 

Cast Iron. 

Cast iron is employed more largely than any other single 
material in the general work of crane structures. The ex- 
ceptions occur in some cranes of very special design, as 
those for service on permanent way, in breakdown work, 
in those used in ix)wder factories, where gun- metal is ex- 
clusively employed, and in the big cranes where the plated 
work vastly predominates over the cast. 

In cranes, as in all other dejxirtments of engineering, the 
facility which cast metal offers over forged or plated for the 
average run of work gives it pre eminence. It has, however, 
to be used with judgment, because of its weaknesses when 
in tension, or in transverse stress. It is seldom employed 
in simple tension, but when suitably designed it will stand 
severe cross breaking strains and shocks. 

Trucks are made of timber, cast iron, wrought iron, and 
steeL Neither timber nor cast iron are much used now for 
the trucks of large cranes. When heavy loads have to be 
lifted, the surging and shock which frequently occur render 
the material liable to fracture, especially when the experience 
of a (inn in the designing and proportioning of cast-iron 
trucks has not been very extensive. Very slight alterations 
in proportions will frequently make the difference between 
safety and insecurity. The strength of trucks is therefore 
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not so much a matter of calculation, as of experience, and 
trial and failure. The weakest part of a truck casting is 
generally at the junction of the central boss with the ribs, 
and this is just the part where the massing of metal is in- 
judicious. But with careful designing, and moulding, trucks 
made wholly of cast iron can be usually depended on in 
cranes up to about 5 tons power. Above that it is better to 
frame the trucks of steel, enclosing a central casting which 
forms a step for the post, and path for the rollers. In that 
case the bearings for the axles must be bolted to the framing. 
But that is often done for convenience when the truck is 
made wholly of cast iron. 

Cast iron is used to a considerable extent for the cheeks 
and side frames, the cross stretchers, or girders, which main- 
tain the frames rigidly at their proper distance apart, and 
that form bearings and points of attachment for various 
fittings seldom made of any other material than cast iron. 
They are stiff and strong, and seldom fracture unless indeed 
by the overturning of a crane. 

Wrought Iron and Steel. 

Wrought iron, excepting for forgings, is used but little 
now in crane-making. It has been nearly supplanted in 
the work of the plater and boilermaker by mild steel, partly 
because the latter, — strength for strength — permits of the 
use of lighter scantlings, partly because steel has no grain, 
as wrought iron has, and the strength is therefore equal, 
irrespective of the direction in which plates are cut. 

Trucks are not often now built up in iron because this 
material has been nearly displaced by steel for plated work. 
Generally they are built of plate and angle, but sometimes 
of H sections or of channels. The corners are united with 
angles. The centre casting prevents diagonal movement. 
Brackets are bolted to truck and centre casting to carry 
axles, or other attachments. Illustrations of trucks occur 
on pp. 81-85. 
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J Though cast iron is employed for the side frame 

' cheeks to a large extent, plated frames of wrought iro 

1 1 steel are filling a large place of late years. Generally tl 

j occur in cranes of large power, in cranes for permai 

way, and in those in which it is desired to eliminate 
|X)ssible risks of fracture, incidental to the use of cast i 
The cost is greater, because the bearings for the shafts Y 
to be fitted and bolted against the plate and angle, of wl 
the frames are built up, and the cost of plating is hea 
than that of moulding. But the advantages of the pk 
frames are so much superior to those of cast-iron ones, 1 
the use of the former has extended rapidly of late years, 
only in the case of large cranes, but also, though in a Ic 
degree, for those of low powers. 

Iron and steel bars and rods are used for the shafts 
axles, and forged work. Often the engine shaft, and tr 
; axles are of steel, and the remainder of iron. Terision r 

: are mostly made in iron, when eyes have to be welded 

* the ends. Common chains are of iron, pitch chains of st 

1 wire rojK'S of steel, though formerly these were of iron. 

Castings of steel are now employed very extensively 
girders and brackets as well as for gears and wheels. T 
are lighter than those of iron, and more durable, (lencr 
different patterns have to be made for steel because of 
difference in shrinkage, and apart from this they must 
so made if the advantage of lightness for ecjual strength i: 
be secured. 

Gun-metal, Phosphor Bronze, .and Delta Metau «S 



I 

i 



Gun-metal and its alloys are used for bearings and m 

.sliding surfaces, for small toothed wheels, for which sen 

raw-hide gears have come into comi>etition with th( 

Brass has practically no place in crane work. In g< 

, cranes, shafts and axles run in gun-metal bearings, mo 

!; divided, but some are solid. Only in cheap cranes do 
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shaft journals run in iron bearings. Worms are mostly 
made in phosphor bronze. These gear well with steel, 
whether lubricated or not, but steel worms will not run 
nicely with steel wheels, without risk of seizing. Delta 
metal is used for the shafts of light cranes, as well as for light 
gears. Raw hide is mostly employed in electrical reduction 
gears. 
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CHAPTER XVII. 
FIXED CRANES. 

Pulley Blocks — Crabs — Triangular-framed Cranes — Wliip Cranes — 
Wall Cranes — Wharf Cranes — Derricks— Goliaths— Sheer Legs 
—Lifts. 

Pulley Blocks. 

These are used to a considerable extent in situations where 
a crane is not available. They are essential in heavy crabs 
and cranes, in the forms of snatch blocks. The power of a 
crab can be largely increased by the use of pulley blocks in 
conjunction therewith. In this way a very light crab can be 
made to lift 3 or 4 tons. 

Crabs. 

The value of these consists in their portability, and the 
wide range of power in which they are obtainable, which 
renders them of especial value for general outdoor service 
for builders, contractors, engineers, and miscellaneous use. 
A rope or chain can be led off from a crab, and brought 
over a monkey wheel direct to the hook, or through a return 
block. Or sets of pulley blocks can be used in cases where 
very great power is required. The rate of lift is very slow 
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in hand crabs, but this is of less importance for occasional 
and temporary service than for constant duty. 

Hand crabs are generally single, and double geared ; only 
in exceptional cases are they treble-geared. The brake is 
fitted on the barrel shaft, sometimes on a rim cast on the 
barrel wheel, sometimes on an extension of the shaft outside 
the frames. 

Variations in construction are, cheeks of cast iron, or steel 
plated, shaft holes bored in iron, or brass bushed. Bearings 
are seldom divided in the small crabs, but bosses of cast 
iron are bored in the solid. When cheeks are steel plated, 
the bosses are bolted to the plates, and should be also 
checked into holes bored in the plates, to ensure steadiness. 
A ratchet prevents the running down of the load, and a 
pawl keeps the pinion shaft in, or out of gear with the barrel 
wheel. 

Triangular-framed Cranes. 

These are the commonest, and the oldest types of cranes, 
Fig. 1 88. Made originally of timber, and still so constructed 
in numerous cases, the general pattern has been perpetuated 
in wrought iron and steel. They are used in foundries, and 
in other shops, and out of doors in stone yards, and quarries. 
They are frequently termed foundry cranes, from their 
common application to that particular service, — their handi- 
ness consisting in their command of a large and variable 
radius. The post a slews through a half circle, or through 
a complete circle, depending on its location, and the racking 
carnage b which runs along the top horizontal member 
gives a variable radius. Such cranes are made from a ton 
up to lo or 15 tons power, are very durable and strong, but 
are of necessity very slow in their movements, for which 
reason they have been largely superseded in modern shops. 

The post pivots at top and bottom. The hoisting gears 
c are single, or double, and in the highest powers treble ; 
ratchet, and brake are fitted. The shafts are carried in cast- 
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iron cheeks bolted to the timber uprights at a suitable 
height from the ground for operating the handles. The 
carriage is racked along by a spider wheel d, and dependent 
chain or rope e. Red deal, pitch pine, or oak are the 
timbers used, the latter being the best, when of good quality, 
and well seasoned. 

An increasing number of jibs are made of steel, and fewer 
of timber. The cost of steel is not greatly in excess of that 
of a timber jib, while it is more durable. Steel too is dis- 
placing iron rapidly, or it would be more correct to say, has 
displaced iron in this, as in other work. Great variety 
exists in the designs of jibs made of these materials. For 
the most part they are of the lattice type, but small ones are 
often made with solid-plated webs. Channels or H irons 
are generally used for the sides of the jibs for small cranes 
of this class, but large jibs are generally built up of plate and 
angle. In most cases jibs are made straight lengthwise, but 
many cases arise in which a bent jib is desirable, and 
then the scantlings have to be increased at the bent 
area, to compensate for the weakening due to curving, with 
increase of work involved. Some of the jibs are trouble- 
some to make, being of a boxed or rectangular cross section, 
with diagonal bracings on each side. 

Whip Cranes. 

These are light cranes for warehouse use, which derive 
their name from the practice of pulling at the rope that 
passes round the large pulley at the jib head, when light 
loads below 4 or 5 cwts. have to be lifted. When heavier 
loads are to be lifted, the winch handle is put on the barrel 
shaft for medium loads, and on the pinion shaft for the 
heaviest, which do not range beyond 2 or 3 tons in 
this type of crane. A rope is used on the big rope wheel 
that is on the same shaft as the barrel at the top of the post, 
which carries the chain. The lift is single only, and a ball 
is used for overhauling the weight of the chain. 

N 
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Whip cranes are of two kinds. In one the post is pivoted 
at top and bottom, as in foundry and forge cranes. In the 
other it is independent, being stepped into a broad base 
which is bolted to the floor. A hollow casing encircles, and 
slews round the post, and carries the jib, and tie rods round 
a complete circle A hand brake is fitted to the rope 
barrel. 

The main parts of the pivoted type of crane are steel 
plated, those of the independent type are of cast iron. The 
base is a casting, the post, stepped into it, is. of steel, or 
wrought iron. The outer hollow casing which slews round 
the post is cast, and carries the bearings for the bottom 
drum, and the pinion shaft, and for the top or chain drum. 
The jib is of steel plate. 

Wall Cranes. 

These are triangular-framed jib cranes of the simplest 
kind, in which the post is pivoted in steps bolted to the 
wall of a warehouse, commanding a semicircular floor area. 
There are two types. 

The simplest kind is built of wrought iron or steel bar, of 
about 2 in. diameter, alike in post, tie, and jib. The tie 
bar is nearly horizontal, the jib is curved, and stiflhess is 
afforded to post and jib by tying all three members together 
with bars suitably bent to occupy the included space, and 
riveted to the members, and to each other. The chain is 
single, and is operated from a crab on a floor within the 
building against the wall of which the crane is pivoted. 
Such cranes are not suitable for loads exceeding a ton or 
30 cwt 

In the second, the jib is horizontal, usually formed of two 
channel sections, and the ties come down at an angle. A 
racking carriage runs along the top of the jib, and is 
actuated by a dependent rope or chain from a spider wheel 
at the end next the post. The load is lifted by gearing 
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carried in a wall bracket ; which is single, and double ; and I 
fitted wilb brake, and ratchet, Such cranes are adapted Tor 
loads up lu about 5 tons, and aru used in engineers' shops, , 
tot handling castings, foundry boxes, forged work, &c. 



Wharf Cranes. 

There is a class of fixed jib cranes which have no other ' 
name than that which designates the nature of their service, 
fixed wharf cranes, or sometimes fixed hand cranes. But 
l<y the term wharf crane, a broad type only is understood, 
whidi requires precise qualification for individual examples, 
since the design is modified in various ways. 

The simplest and cheapest wharf cranes operated by 
hand comprise a long post of cast or wrought iron, let into 
a footstep, several feet below the ground line. The jib is 
stepped into a casting which encircles the post a few inches 
above the ground Une, and that carries the rollers, and which 
is connected with rods to a casting that caps the post, i 
which casting the tie rods which come from the head of the 
jib ate anchored. The hoisting gears are carried in cheeks 
bolted to the lower portion of the jib, and the slewing gea 
is at the rear of the encircling footstep casting. 

Such cranes are made in large numbers for quarry work, 
railway goods sidings, and on wharves. They range i 
power from t to 10 tons. The jibs are either of timber, or 
of channel sections, and are generally, though not always in 
the smaller si^es, in two parts, maintained apart by distance 
pieces. The loads are carried by single chains, or by snatch 
blocks, and gears are single or double. Brakes, and ratchets 
are fitted. 

A more advanced type of wliarf crane has the same deep 
post, step, and plate, but cast-iron side frames bolted to a 
roller frame at the bottom, and to a distance piece which 
(onus (be lop oqi, fitting on tlie post, sustaining the weight 
of the aupcRtruclurc. The jib is stepped into the bottom | 
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roller frame casting, and the tie rods are attached either to 
the top cap, or to the side frames. The superstructure is 
slewed round hy hand, or by means of a curb ring; in 
which case the pillar for the slewing gear is attached to the 
rear of the bottom, or roller frame. Single, and double 
gear is fitted up to 10 tons or 15 tons, but hand cranes of 
this type are made up to 30 tons with treble gear. In the 
larger cranes, cast-iron frames are often dispensed with in 
favour of wrought iron, or steel. And in the very small 
ones, simple channel sections sometimes supersede cast 
iron. 

Derricks. 

These cranes are certainly a century old in their cruder 
forms, but the best types are comparatively modern. They 
are used in all classes of outdoor work, on account of their 
wide range of operations, slewing round three parts of a 
circle, and in a large range of radius. 

A hand derrick comprises mast, jib, and ties, which are 
rendered stable by sleepers secured to the ground, from the 
rear ends of which rigid raking tie rods proceed to the top 
of the post, carrying the bearing for the top pivot The 
gears are fixed near the bottom of the mast, and are single 
or double, for hoisting. Another set of gears carried in the 
same cheeks actuates the derricking or radial movement of 
the jib. Both lifting and derricking chains pass over pulleys 
at the top of the mast, whence the lifting chain passes to 
the pulley at the top of the jib, and the derricking chain to 
a pulley at the rear of the rods. The two movements can 
be actuated separately, or in unison by suitable gears. So 
that while a load is being lifted or lowered, the radius can 
be increasing or lessening. 

A peculiarity of the derrick is the fusee barrel, by which 
a load is maintained at a constant level while the radius of 
the jib is changing. As the radius lessens, and the jib 
rises, the chain winds towards the larger end of the barrel ; 
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as the jib lowers, it winds towards the smaller part of the 
fusee barrel. 

The stability of a derrick crane depends on the length of 
the sleepers, on the way in which they are secured at 
the rear, and on the strength and security of the back ties. 
The security of the jib depends on its own strength to 
resist thrust, and on the strength of its ties and chains, and 
Ihdr attachments, which is assisted slightly by the lifting 
chain. 

Derricks are commonly limber framed throughout. Steel 
sections are frequently substituted for the laiget cranes, and 
for foreign orders, but the sanne outlines arc maintained as 
in timlwr, and the same details also of mechanism. 



GOLIATRS. 

A description of GoUaths will be found at p. 236, in the 
account of Travelling Cranes, and at p. 11 1. As the only 
difference in these and in the Fixed Ooliaths consists in the 
presence or absence of the Irafelling gears, reference may be 
made to thai account for the main construction. In the fixed 
type the uprights are fastened down on sleepers. They have 
but a limitL-d use, in small yards, or to cover small areas of 
yards where there is rariation in the localities where lifting 
lias to be done. 

Sheer Legs. 

These are made in various forms. The commonest are 
temporary, and comprise three timbers united at the top by 
a bolt, and resting securely on the ground with S|>ik<s. A 
gin block, or a set of pulley blocks arc susj^ndcd from the 
apex. In a more advanced ty[ie the timbers are stepped 
into cast-iron shoes, sunk, and fixed permanently into the 
ground, and united at the top with a cast-iron cap. from 
which pulley blocks depend, and which are actuated by a 
common double purchase ctab fixed to the ground. 

In a variation from this, the legs an not arranged equi- 
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distantly, but two are brought sufficiently near to receive a 
pair of cheeks by which the lifting gears are carried, without 
the employment of an intervening crab. The legs do not 
then meet in an apex, but a beam connects the pair adjacent 
with the single one, and the top pair of pulleys have their 
pin in this beam. Also, steel sections are substituted for 
timber in many sheer legs. 

Sheer l^s of these types range in power from i ton to 
about 15 tons. They are used for many purposes. One of 
the commonest is in locomotive and wagon sheds, for lifting 
the bodies, to permit of the examination of wheels, axles, 
and boxes, and the changing of wheels and axles. Others 
are used in dockyards, hand operated. 

Lifts. 

The small hand-power lifts used in warehouses, public 
buildings, hotels, banks, restaurants, and such like, are 
of a very simple type. They have single purchase, the 
construction being as follows. An endless rope passes 
round a grooved wheel of large diameter for the gain of 
power. The shaft on the end of which this wheel is keyed 
carries a pinion which gears into a wheel of considerably 
larger size, upon a second shaft that carries the chain wheel 
over which the chain passes, which carries at one end the 
cage, and at the other the weight by which it is balanced. 
A brake wheel is keyed upon the shaft of the chain wheel, 
and is operated by a cord and lever, the latter being pivoted 
on the first motion shaft. This constitutes the essential 
gear. The whole of the gear is carried in suitable brackets 
or cheeks attached to the wall, or to timbers in the upper 
portion of the building. The cage is guided by rollers 
between vertical rods or timbers, and the balance weight 
slides between timber guides bolted to the wall. The 
weight is usually made to slightly counterbalance the lift, 
so that the cage when empty will on the release of the 
brake slowly ascend. 
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Nothing very heavy can be attempted with hand-operated 
lifts, nor can their movements be rapid. An alternative 
design for lifting in warehouses and breweries is the base- 
ment lift, in which loads up to 10 or 15 cwts. can be hoisted 
from cellars by the aid of a light crab. The load platform 
is carried by rollers on vertical guides, and a monkey wheel 
changes the direction of the hoisting chain from the crab to 
the platform. 



CHAPTER XVIII. 
PORTABLE CRANFIS. 

Balance Cranes— Derricks. 

Balance Cranes. 

The earlier cranes were all fixed, but these are now in a 
minority compared with those that are portable. The 
earliest examples of the latter type simply comprised cranes 
of fixed type, mounted on a four-wheeled truck. These are 
retained yet in many country districts and provincial works. 
They are common on the wharves of quarrymasters, and 
at some railway sidings. Being portable, they must be 
balanced cranes, since a counterbalance is the only device 
by which the mass of the jib and load can be rendered 
stable. 

Balance cranes. Fig. 189, though common, are so diver- 
sified in design, that we meet with much variation in the 
methods of counterbalancing them. Usually the balance is 
fixed at one radius. A good many hand cranes have been 
made with balance fitted with rollers a, by which the balance 
boxes and their contained weights can be traversed along 
the tail of the crane to various radii, to correspond approxi- 
mately with a given load. These are common to a host 
of cranes, especially railway breakdown cranes. But the 
putting of automatically adjustable balance weights on 
cranes has never met with much success, the later appli- 
cation of that principle to the Brown cranes excepted. 

In almost all cases cranes arc counterbalanced with a 
number of loose weights which can be loaded in by hand. 
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A crude device is to make a box, fit it on the tail of the 
crane, and load it with stone. But cast weights are 
generally supplied, uniform in size and shape, and loaded 




cither into a Imx in hand cranes, or under the footplate 
in steam and electric cranes. Sometimes so much balance 
is required that wing plates have to be fitted, standing out 
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to ri^t and left, wider than the crane itself, and loaded 
with weights. 

Balance boxes are made in various ways ; in cast iron 
in one piece, or with separate cast-iron plates bolted 
together, or plated in iron and steel. The first two are 
suitable for common cranes, the latter for breakdown cranes 
used on permanent way. 

An objection to putting an excessive amount of balance 
on a crane, which is sometimes done to mask a bad 
design, is the great risk of its causing oversetting. When 
the crane is not working it is sufficiently stable. But if a 
load is lowered, and dropped, and disengaged suddenly, as 
in tipping, the reaction is very likely to cause the crane to 
tip over backwards, an accident which occurs occasionally. 
The danger is greatest when the crane is lifting across the 
track, or diagonally. 

Derricks. 

Portable hand derricks are employed to a moderate extent 
only. They are very ungainly articles to travel, because 
the spread of the guys renders three tracks necessar}% one 
under the post, and one for each wheel under the gu>'s. 
They are only to be recommended for temporar)' service. 
If portability is essential, it is generally better to adopt 
some other type than the derrick crane. 



CHAPTER XIX. 
TRAVELLING CRANES. 

Overhead Travellers — GoUaths. 

Thesk are broadly divisible into two types, — travellers that 
run on overhead gantries, Goliaths, and gantry cranes that 
run on the ground. 

Overhead Travellers. 

These have been a favourite type of crane for workshop 
service for more than half a century past. But for the in- 
roads made by electricity, the hand traveller would still 
divide favour with the cotton rope type to a far greater 
extent than it does. Although hand travellers are open to 
the objection of being very slow, yet they have the advantage 
of costing nothing when not in actual service, and an engine 
need not be kept running to supply them with power. For 
this reason they are even yet better adapted to the require- 
ments of hundreds of shops and yards than the more costly, 
and more easily damaged electric travellers. Rope travellers 
did not become common all at once, the square shaft types 
having been much used previously. The reason is that the 
cotton rope demanded a special experience, and a better 
class of workmanship than most crane shops could furnish. 

The hand travellers are either built of timber or of steel. 
The question of trussing, and its extent, depends on its span, 
and on the design of the girders. When timber is used, 
trussing is essential for the shortest spans, but it is not 
necessary when steel is employed, because the longest 
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girders can then be made self-sustaining. When rolled jcMSts 
are used, trussing becomes necessary at moderate spans, 
When timber beams are employed, the end cradles are 
generally of cast iron. 

A special type of crab is required for travellers, one to 
run along rails, and usually, though not necessarily, having 
provision for travelling the machine- along the gantry. The 
crab and the jenny are two different mechanisms, since the 
first named is self-contained, while the second is simply a 
carrier for the hook and snatch block, being operated by 
mechanism situated elsewhere. 

There is, as regards essential mechanism, such as frame- 
work and gearing, no difference between the simple hand 
travellers worked by men on the platform, or by men stand- 
ing on the ground below. It is simply a question of winch 
handles, or vee'd sheave wheels. 

The question of operating travellers from below, or above, 
is generally decided partly by the load to be lifted, and 
partly by the nature of the service, whether intermittent, or 
constant. Light travellers working intermittently should be 
worked by a dependent rope or chain, heavy ones, by men 
on the crab above. 

When travellers are actuated wholly from the crab, a square 
shaft, or a round one, key grooved to carry the sliding bevel 
wheel, is necessary. But for occasional service, a simpler 
design can be used in which the crab is traversed by gearing 
upon it, and the traveller operated by winch handles at the 
sides. 

Hand travellers are made in powers ranging from J ton 
to 40 tons. The latter are, however, unusual, more so now 
than formerly. They are constructed readily enough, but 
the time losses in working are enormous. 

GOLIATHS. 

This term strictly designates a travelling crane, which 
differs from the overhead travellers only in the fact that it 






GOLIATHS. 

on rails on the ground, instead of on tracks high above 
le ground. Substantially, tlicrL-fore, the l)cams and crab 
ingcmcnts are alike in each. 1'hc great dilTerencc lies 
the a][t;rations due to the substitution of A frames, or 
indards, for the end cradles of the travellers. 
Goliaths can be travelled from the crab with a square 
laft, as can travellers, .but the movement has to be com- 
lunicated through pitch chain and sprocket wheels, or 
and bevel gears, from the top tu the bottom of one 
both of the framings. 

In the simplest hand types, — the old Wellington cranes, — 
y of which are, however, very large and powerful, the 
;raiions are wholly from below. 'I'he travelling gearing 
the bottom booms, and llie hoisting gear is on the 
vertical frames, the chanis passing up to the ends of the 
gantry beams, and over pulle)'s to the jenny. A set of gear 
on one framing actuates the hoisting chain, and another set 
of gear on the other framing actuates the chain fur racking 
the jeimy along. Goliaths of this type are made from 
3 or J tuns, up to 40 or 50 tons capacity, and in a wide 
range of height, and span. They are useful in eiigineers' 
erecting yards, and in builders' and contractors' yards, for 
bauUng heavy timber balks, and stones. 

Goliaths have been made in which the crabs have been 
operated from the ground with dependent ropes, passing 
iver grooved pulleys, similarly to some hand travelling 



.\n evil to which Gulialh cranes, even more than travellers, 
are liable, is that of cross working, which becomes more 
pronounced as spans and heights increase. Hence the 
length of wheel base must be amply proportioned. But 
even with a suitable wheel base, cross working will occur 
unless the end lieams are secured very rigidly to the 
beams, with which object covering plates and angle 

ickets arc employed. 

In some recent special practice, that of the Brown 
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Hoisting Machinery Co., cianes of very long sptui hire 
their beams rigidly fixed at one end only, being pivoted at 
the other to permit of a hmited amount of cross woridng 
without strain or injury. 

The Goliath crane fulfils the same function out of doois 
that the traveller does vithin. The latter are used also on 
outdoor service, but this involves building a tall gantiy, 
which occupies much ground. The Goliath on the contrary 
only requires raits, and occupies no more space than that on 
which it stands for the time being. Occasionally GoUatbs 
are fixed, but the utilities of these are limited to the area 
which they cover. 



DIVISION II.— POWER CRANES. 



CHAPTER XX. 
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FIXED CRANES. 

IOhIjk, Winches, lloiiis, and Winding Kngines— Steam Cranci— 
IViungulM'-framcd Cnines — Wharf Cranes — Derricks — Fairbaim 
Cranes — Sheer L^s — Pneumatic Cranes — Hydraulic Cranes^ 
Compneile Cranes— Floating Critnes— Cool Tips— Lifts. 

Crabs, Winchbs, Hoists, and Winding Engines. 

These have a close family resemblance. None of them 
are framed cranes, but all are derived from, or are obvious 
tnodificaliors of ihe common fined crab. They are single, 
double, and treble geared. The principal diHTerences in 
their designs and appearance are those consequent on 
methods of opi^ration, of which three agencies are employed ; 
— steam in the vast majority, gas (or oil), and eleclricily. 
Compressed air is also used lo a considerable extent in 
recent years. The hoisting and winding engines have 
undergone great changes in design, in consequence of the 
multiplication of drums. In some American designs as 
many as six, or even eight drums, art:r fitted to a single hoist, 
while three or four are very common. 

The simplest power crabs or winches are practically iden- 
tical with those built for hand o|Kratian, but with a pair of 
engines added outside the frames. Tliey bear strong re- 
semblances to (he steam cranes, with which much of their 
mechaiiism is identical, and interchangeable in manufac- 
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lurers' designs. The same engines, boileni, and gi:«n> i 
used, the fixed lied plate "f tlii; hoist being substituted d 
ihc twd of the crane. As they are used frequently I 
hauling, or warping, warping drums are very commori] 
fitted on the ends of the drum shaft. The L7linder3 a 
variously arranged, witli ilicir longitudinal axes either 1 
zontally, vertically, or diagonally, In many types ihe 
bolled to the boiler. In a good many eases tlie I 
is not litti:d to winches, but the steam is conveyed in 
to the engines. 

The various hoisting engines are built to satisfy I 
demands of a Large number of customers. They are t 
ployed In the erection of buildings and bridges, for ] 
driving, on coal wharves, in mines, on shipboard, and I 
an extensive range of powers. The advantage of havil) 
more than one drum is, that more than one set of operatioi 
can be carried on at once. Lifting and lowering i 
alternate. A single engine can o[K;rate two or three separa 
derricks, or the two motions of one derrick at once, 
drums, or warping drums, are multiplied on one hoist, 
arc either keyed fast on their shafts, which is the older ; 
general practice, or they are left loose, lo be thrown in a 
out of action with clutches, vr witli friction rings. 

In one example a double cylinder engine has two dfu| 
running side by side on one shaft loosely, when not I 
service,^ being of the friction u|>erated tyi>e. Each is 
dependent of the other, having its own friction, and its o 
foot brake. Each drum is actuated at its own side I 
separate attendant operating his own throttle. The odvt 
tage is that a single boiler is used on the one bed pbte, : 
the power of the engines can be a|iplied to one drum, i 
divided between the two. 

The hoisting engine when used in the erection i 
buildi[)gs is placed on the ground floor, and wire i 
passing over guides, actuates two cages, which ascend * 
descend in unison, balancing each other. Ught vertici 
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raemlx-T niong which u racking caniagt: itaveb. 
pivoted at top and Ijottom, nnd cither slew throtq 
jKinioii, or tlie whole of a circle. They soldom 
boilers on the foot iilale, but steam pipes arc btougl 
ihe posts to operate engines on the foot pinte, or the 
are dispensed with, and a line of shafting is broui;ht along 
the shop, and power is transmitted to each crane through 
bevel wheels. Of the three methods the steam pipe is lie st, 
hut it introduces a considerable amount of joints *^ 
are not easily kept steam tight, It is probable that c 
these types of cranes will be displaced in a few 
those of similar form, hut operated by electricity, as is d 
already in a good many cases. 

Wbarf Cranes. 
This general terin includes a large number of variation* 
in design, ranging from a ton to 20 or 50 tons. In many 
cases tin' entire superstructure of a crane is u.ied without 
alteration, for either portable, or fixed cranes, tlic base only 
being different. Steam is an excellent motive power for 
wharf cranes. These cranes are either independent, ^-con- 
taining their own boilers, and being balance cranes ; or they 
carry engines only, whicli are supplied with steam through a 
pipe, Any fixed cranes used for wharf service are wliarf 
cranes. They are characterised by the deep foundation in 
which they are supported, having base plates, founttatiim 
plates, and deep posts going down several foei below Ihe 
ground line. Deck cranes are a variety of wharf cranes, 
used on shipboard. These also have a base plate on the 
upiwr deck, and step on the deck below, in which the post 
is supported. Steam is brought up to the engines Ihnyurt 
a pipe in the central post. These cranes slew ihrc 
complete circle hy gear driven by the nigincs. 
Derricks. 

Steam derricks do not differ from hand derricks, except 
in the addition of engines, ami the ncci-ssary conneciioru. 
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i are fitted to ihc base plate, or on Ihe back of the 
Engines are fitted to derricks framed both in wood, 
and in sieel. A steam derrick carries i 
this class of crane the electric motor (se 
rapidly displacing the steam engine. 

FAiRrtAiRN Cranes. 

This is not a triangular framed crane, but the curved jib 
and post are in one. There is neither strut, — nor tie rods, 
but the jib,— above the ground line,— is a bent cantilfver. 
The advantage otfercd by this crane is Ihc clearance under 
jih, but as this is obtained in other cranes also, there is 
■very lilllc demand now for Fairbaims. At one lime they 
enjoyed considerable favour, being used as wharf cranes for 
loading and unloading vessels, and for getting parts of 
engines into them, Tbey are very expensive, require a 
large amount of plating, and castings, and castly founda- 
tions of concrete and metal. Steam is the motive power 
used, the crane carrying its own lioiler, and is therefore 
independent. 

Sherr Legs. 

These are also termed masting sheers, because the fitting 
of masts is one of their principal functions. They are used 
in the great shipyards, and on shipping wharves, mainly 
fur this work, and for lifting boilers and engines into and 
out of vessels. Heavy sheer legs are actuated by steam 
engines located at the rear of the back leg of the tripod, 
and properly covered in a shed. Provision is made for 
altering the radiu.s, or reach of the hook over the water. 
The hindi.-r li-g is made capable of radial adjustntent, by 
tn<--ans of a slide into which the tower end is steppt-d. and 
which is traversed to and fro liy a screw nctuntL-d by the 
engines. The front legs arc hinged to permit of their ad- 
[Jusloicnt In heavy sheets, two sets of lifting tackle are 
generally fitted, one for heavy loads, the other for light, 
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The masts of sheer legs are generally built up in a tubular 
fonn, of steel plates. Only small sheers have timber legs. 

The great i6o ton sheer legs at Sydney, erected about 
eight years ago, lifted aoo tons as a test load, and the legs 
are 137 ft. long, by 4 ft. 6 in. in diameter at the centre, 
built of steel plate. 

Pneumatic Cranes. 

These are chiefly used in engi- 
neers' shops, in the foundry, and 
U* machine shops chiefly. They have 
grown into considerable importance 
within about ten years past. Used 
first as suspended hoists simply, the 
same principle is applied to the 
operation of jib cranes. The air 
hoist is then suspended from a hori- 
zontal jib along which it runs, a 
flexible air tube following its move- 
ments. In some cases the air cylinder 
is set on a di^onal jib. In both 
instances the pull is direct, and the 
load is lifted through a distance 
equal lo the stroke of the piston. 
In other cases the hoists are run 
along trolley tracks, coming then 
under the head of travelling hoists. 

A Ridgway oil-governed hoist is 
shown in Fig. 190. Here a hollow 
rod passes through the hallow piston 
rod A, with a clearance space between the two. The rod is 
fastened in a reservoir on the top of the hoist cylinder, and 
the piston packing makes a close shding fit over the hollow 
rod. A valve operated by a dependent chain coming from 
the pulley b, regulates the flow of oil between the reservoir 
and the hollow piston rod. The rod is filled with oil when 




Fig. 190. 




Electric Derrick Crmne, Single Motor. 

(Thomas Smitu A soxi B..uriY,) 
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tiie piston is in its lowennost position, the oil lising above 
the valve. Admitting air into the cylinder, and opening the 
valve, permits the oil to escape into the reservoir, following 
which the piston rises. As the piston descends by the load. 




F^. 191. 

the oil returns into the rod. The rate of movement is 
regulated by the amount of opening given to the valve, 
which is under the control of the operator. 

Fig. 191 illustrates a pneumatic crane by ihe Pedrick Si 
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Ayer Ca Here the cylinder is fixed vertically between the 
members or the post. Hoisting is eflected by the chain 
anchored at a i>assing round the pulley B, with a single 




bight, thenco over (;uido pulleys lo the racking carriage and 
snatch block. The caniage is racked by hand by the 
chain c. 



HVDRAULIC CRANES. 

Fig, 19a is a Pcdrick & Ayer crane in wlitcli the 
direct acting, the cylinder being suspundod t 
and drawn along the jib by gears, and a dependent chain. 
Tlie cranu is, pivoted in brackets bohed to the wall uf a 
shop. 

Hydraulic Cranes. 
Fixed hydraulic cranes are used for indoor and outdoor 
service. They are jib cranes, the jibs being hurixuntal in 
some cases, to take a nicking carriage, diagonal in others. 
Separate cylinders actuate the lifting, and slewing move- 
ments. The dispositions of the cylinders are settled by con- 
venience, and by swing arrangements, since the direction of 
movements of the chains can be readily altered by guide 
pulleys. The oudines of hydraulic crane frames frequently 
resemble those of the steam crane types, with posts, jibs, 
and struts. They are named similarly, as wall cranes, wharf 
cranes, ingot cranes, 6ic. A particular application in which 
hydraulic power has found great favour is in the riveting 
cnnes which travel on rails with walking water pipes. 
These are made in several forms, Hydraulic cranes are 
made to rotate by jKiwer in cases where it is not desirable 
to have men polling them round; a water cylinder placed 
honzonlatly below ground level has a rack attached to a 
continuation of its piston, engaging with a wheel keyed on 
the bottom pivot or pintle of the crane. In other types 
chains pass round pulleys from the piston head, and pull 
round a chain wheel at the bottom of the crane. In some 
types the lifting cylinders are fixed and the ram moves, the 
hoisting chain returning over pulleys from below upwards. 

t Cranes of this ly[K; are also made with racking Jennys. 
Fig. 193 illustrates one type of hydraulic crane in which 
the lift is direct, by the communication of the movement 
of the ram a to the jib u, The smooth motion of the 
latter is ensured by the pulleys c, connected, — running on 
the bock and &uiil of tlie posL The racking carriage Is 
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drawn along bjr hand- A good many of this simple type I 
have been made. 

Composite Crawes. 

Besides the class of crane in which the elasticity of a 

held in check by governing its action with oil pressure, I 

there are others of the usual hydraulic type with the cylinder I 




t)elween, or adjacL-nt to the mast, operating the jib directly,) 
which ;irf also governed by steam pressure acting on ihe.l 
water in the reservoir cylinder. Tlie advantages over iheV 
common hydraulic iy|M; are to bn found in the difrcrenr«sl 
due to high and low pressures, saving trouble in valvcN, anii| 
(lacltings, pumps, and accumulators. 
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Fig. 194 shows a balanced steam hydraulic crane of the 
Craig Ridgway type. In this, a is the lifting or water 
cylinder, and u the governing cylinder, which is partly filled 
with water. Steam is admitted above, and is prevented 
from mixing with the water below by an intervening cushion 
of air, and by a baffle plate. The supply of steam is con- 
trolled by a slide valve, the handle of which is seen at a, 
and its pressure is transmitted through the air to the water 
below. The water, under pressure, is conveyed through 
piping to the piston rod of the lifting cylinder. The rod 
is hollow, and the pressure causes the lifting cylinder to 
descend over its piston. By means of chains passing over 
guide pulleys, this vertical movement is transmitted to the 
jib. This design is variously modified. The jib is lowered 
by exhausting the steam, on which the water returns from 
the hoisting cylinder to the reservoir. 

Floating Cranks. 

These are used for a large number of duties, the principal 
of which are loading and unloading vessels, executing 
repairs to machinery on board (thus saving the trouble of 
bringing the vessel into dock under shore cranes), and in 
various departments of harbour and dock work, such as 
grabbing, block setting, and repairs. They are not used 
quite so much as formerly, partly because of the general 
deepening of docks that has been going on, and partly 
because hopper dredgers and Titan cranes have usurped 
some of their other kinds of functions. But one at least 
is essential in large harbours and docks. 

The floating cranes are balance cranes pivoted on a 
pontoon or barge. They may or may not have derricking 
movements to the jib. In consequence of the instability of 
the pontoon, provision is included for effecting alterations 
in the balance box to suit varying loads. Frequently too 
the hull is made in water-tight compartments, either with 
the object of altering balance, or to p>ermit of changing 
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the atnuunl of immersion of the hull to increase slaLiility, 
Hoatiiig cranes are actuated by steam, carryiiij; iheir own 
boiler and engines, and slewing by power. 
Coal Tips. 

These are a type of hydraulic lift used for elevating 
railway coal wagons from a cradle beneath, and tipping 
their contents into vessels. A lo or 20 ton wagon can 
thus be lifted, tii>ix;d, and lowered in a very short space of 
time, effecting enormous economies in loading. These are the 
rivals of the long-armed cranes that deal with lighter loads. 
Li rrs. 

Two princi[)al agencies aru employed for power lifts^ 
water, and electricity. 

Hydraulic lifts are of two kinds — the direct acting, and 
the suspended. In the first named the cage is carried on 
the upper end of the ram, in the second it is raised by rojies 
running over pulleys, The first retjuires a deep well for 
the cylinder, the second does not. The direct system is 1 
generally employed for heavy passenger and goods lifts, the I 
second for ordinary duty. Hiyh, and low pressures are used 
for each. In the suspended system it is necessary to pro- 
vide safety catches in case of sudden fracture of the topes. 

Lifts are frequently driven by bell in shops and ware- 
houses where engine power is available. Tbe design is 
practically that of a hand lift, with worm gears, but the belt 
takes the place of the hand rope. 

Electric lifts are rapidly displacing these forms. In a simple 
type, an electric motor takes the place of the belt drive, 
'file motor can lie driven from the public service. !n more I 
modern types the motor and its gearing are mounted on a J 
base plate, which can Ije fixed anywhere, above, or below, j 
The drive is direct, from a rope wound round a drum. The | 
mechanism is operated by a hand rope, or by a hand wheel, 
or simply by a switch. The electric lifts work at n 
higher speeds than tlic older types of belt-driven ones. 
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PORTABLE CRANES. 
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Hoin^ AMD WlHCNKS. 

The fixtKt hoists for exceed in number the pottaUe one! 
The only easeoUal diOeience in the two U, that «ther Hire 
or fnui road wheels ajid axtes arc added to the fixed ly[ 
til make it portable. But usually only une class ot hobt ^ 
made fwrtablc, that namely for buildcts and conlnciot 
use, having boiler, engine, and single, or double boisliq 
dttinis ixnd grars. In onr exainple the iiortahte iy|>e I 
engine and boilet is rigged u]* as ^i hoist, ilie drums haiigii| 
(nrer lu rifiht and left or tbt; boiler. In all cases the tia«| 
ting of the hoist is cflected by borx haulage: 

BA1.ANCK CKJMKS. 

Portable balance cranes include those in which the h 

ing engines also drive the trock. In the heaviest cnuKsf 

»ci>aratc pair of engines are einplo>'cd for the btter p 

These arc generally termed liieomolive cranes. S(<c" 

(■uiublc oancH arc also built for service oi) peniuuicnt w 

— tlw Kr'-.iVOown, or aceident cranes tjsed for removing tl 

I'.ui railway accidents. 

['!<: balance cranes diHcr from the fixed era 

>\us only in the extra fitting of Ihc Iniek, : 

^ =: T^acs, ur engines used for lra>«)lin^. That is, IM 

^^^^^ ii snlUr in both, and may be identical if t] 
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^^B tnivclling is effected by a different set of engines on the 

^F truck. But if one pair of engines does all the work, as in 

■ most cranes except tlie larger sizes, then a special set of 

travelling gear has to be introduced : starting from the engine 

shaft, thence operating gears above the central post, a shaft 

passing down through the post, bevel wheels at the bottom, 

and thence bevel wheels on one of the travelling axles. The 

methods of balancing are alike in fixed and portable cranes. 

^m 1'he horizontal type of portable steam crane not only has 

^^k a very different appearance from the vertical, but the entire 

^B arrangements of framework and gearing are different. The 

^^ exception is the truck and jib, neither of which differ in any 

essential respects from those used on vertical cranes. 

The framework which carries the engines and gearing is 
not formed of cheeks bolted together with cross girders, but 
is usually made in one casting, excepting in the largest 
cranes, and is termed the revolving bed, because it turns 
round the centre pivot or dwarf post, being thus dis- 
tinguished from the truck, or base, which does not revolve. 
The upper, or revolving bed is a hollow casting, with bear- 
ings for the engine shaft and gearing, axles, and facings for 
the attachment of the engines. Wrought-iron girders are 
bolted to the sides of the bed, extending beyond the hinder 
end to carry the footplate and boiler. A heavy cast-iron 
tank is bolted between the girders to hold the feed water, 
and to serve as a balance weight. The engines comprise a 
pair of high-pressure cylinders, sometimes cast separately, 
sometimes together. The cylinder guides, and steam chests 
are made in one, and cast with a foot for bolting down to 
the bed. Link reversing motion is applied to each. The 
load is lifted through spur gear, the pinion being on the 
engine shaft, and it is slid out of engagement when lowering 
on the brake. The gear for tliese functions is similar to 
that employed on the vertical cranes. The slewing is per- 
formed through bevel wheels, fitted with reversible friction 
^ cones, in order to slew in cither direction without stopping. 
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or reversing the engines, the movements being transmitted 
through intermediate gears to the curb ring on the truck. 
By reversing the direction of rotation of the bevels, the 
direction of rotation of the revolving bed is reversed. The 
truck is travelled by means of a separate set of gearing which 
actuates a bevel wheel on one of the axles. Jibs are made 
to derrick. The revolving bed runs on four rollers, two at 
front, and two behind. It is kept from lifting by means of 
a dwarf parallel centre post, or pin, which passes through 
the centre of the truck below, and through a bored hole in 
the centre of the revolving bed, in which it fits with a solid 
forged head on a shoulder with friction washers — a massive 
nut securing it at the lower end tightened up in opposition 
to the bolt head just sufficiently to keep the revolving 
structure well down on the roller path. The water tank 
and boiler are sufficient balance in cranes with short jibs. 
In those with long jibs a special balance plate is cast, and 
bolted underneath the tank, and loose weights are laid 
upon this. 

Many portable steam cranes are made of from 2 to 3 tons 
capacity, for regularly lifting loads of from 30 cwts. to 2 tons. 
Some of these, used for coaling, have jibs of exceptionally 
long radius, and they lift in single gear, that is with the 
crank of the engine keyed on the same shaft as the pinion 
that works into the barrel wheel. The drums are also made 
of larger diameter than those of the average class of crane. 

The electric type of portable crane is growing in favour. 
The motor or motors are mounted on the bed plate in 
place of the engines and boiler. Either plain spur gears, 
or a first worm reduction, is employed from the motor. 
The magnetic brake is an essential portion of the equip- 
ment, as in other types of electric cranes, and the con- 
trollers are mounted in a convenient position for the 
operator. A very compact arrangement is thereby secured. 
Rather more balance weight has to be used, as the large 
mass of the boiler is absent in the electric crane. With 
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i to tlie method o( picking up the current while traveU 

, this may be either done from a third rail, overhead 

r from ground or earth boxes. An example of 

: btCcr is shown in ihe diagram. Fig. 195, Troni the 

icticc of the Electrical Comiwny I.ld., of Charing Cross 

, W.C, The amount of portability or travel in this 

s governed liy the length of cable which is rolled on 

; drum 0. In the illustration, C is the lifting motor, 

I r> the one for slewing, a is the controller for the 

filing, and 11 that for ihe slewing, e is the switchhaird, 



r 



Fig. 196. 

r the magnetic brake 11 arc th« collecting rings, which 
necessary in the case of a slewing crane, to lake 
current at any radial position of the sujierstructure. j is 
the ground box. This is shown in detail in Figs. 196-198, 
in elevation, vertical, and transverse sections. Il is bolted 
down in masonry, or concrete with jngged bolts. The 
current is brought in at each end of the box with cables, 
atMl thence conveyed upwards into the upjier part of the 
nt to the contact pieces. \Vhen the box is in use, a 
lug piece, at the end of the crane cable, is inserted in 
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thr (Oft (rf the Ixn in pbce oT the tcmponty prolcc 
anvt shown in F^. 197, and it has projections nnukuJ 
those in the tnx, and so Uie current pisses 10 the c 




aibic These l«xes are loaied about 

requited (or lh« serrice of the crane, and when it {> 

cNit of the limit of area o( one, another is ronnected 1 




it (The lettering shown in these Figs. sim[Jjr refers toj 
maker's staodaid sbxs.) 

Fig. 199 shows the jointtng, and the contact rings 
trollej- pole, suitable for slewing cianot 
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Excavators. 

These are a special type of portable steam crane used 
for digging soil. They are more often termed steam 
nawys. They are either special machines, designed for 
excavating only, or they are cranes from which the ex- 
cavating apparatus is readily detachable. Excavators are 
balance cranes, with derricking jibs, and the bucket is 
hinged, and operated by the engines. 




Fig. 199. 



Derricks. 

Portable derricks are rather unusual. They are clumsy 
and costly. Either each guy leg and the mast have to 
be carried on separate trucks, or a very large truck has to 
be made to receive them. As the guys cannot be anchored 
to the ground with sleepers, a large amount of ballast is 
necessary. The truck is propelled by the same engines 
that hoist the load. Floating derricks are sometimes built 
for special service. 



CHAPTER XXII. 
TRAVELLING CRANES. 

Overhead Travellers — Goliaths — Gantry or Portal Cranes — Titans — Air 
Hoists — Long-armed Cranes — Single-rail Cranes — Conclusion. 

Overhead Travellers. 

An unusual amount of interest has been taken in overhead 
travellers of late, due to the fact that electricity has made 
greater inroads on the method of operation of this type of 
crane than on that of any other. To a great extent it dis- 
places the hand, steam, and cotton rope types. 

But for the fact that so many travellers of these older types 
were in existence, and in good working condition at the time 
of the introduction of electric driving, it is probable there 
would never have been any rivalry between the one motor, 
and the three, or more motor type. Firms already having 
travellers as good as new did not care to throw them out, 
and so the obvious and easiest course was taken of dispens- 
ing with the hand gear, or the square shaft, or the cotton 
rope, and putting a conductor and motors in place, and 
transmitting all the motions by reversing bevel gears, or by 
belts as before. Then of course conservative firms built 
new travellers on the same design. 

It was little short of a marvel that the electric traveller 
was not strangled in its birth by the methods of firms who 
thought by merely substituting a motor for a shaft or rope, 
to obtain a short cut to electric driving, with no trouble in 
working out a new design. And the motors were high 
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^tcedcd, and shunl wound, and kept running continuously 
■I a rate anywhere between 1,000 and 1,500 revolutions per 
minute. All the heavy trains of reversing gear, or the 
belting were retained, so that the only advantage lay in the 
knocking out of a length of square shaf\, or a running rope. 
This crude arrangement was the only practicable one when 
UiL- question was that of the conversion of existing travellers. 
To dismantle all the gear of these in favour of simpler 
srrangements would have been nearly equivalent to the 
construction of a new crane. But the mischief lay in the 
building of new cranes precisely after the designs of con- 
\-ersions. Purchasers of new cranes were enlitled lo some- 
thing better than this. 

The most important fact in ihe development of the over- 
head traveller is the rapid growth of what is termed the 
three-motor type ; though that phrase is no longer sufficiently 
comprehensive. A modem crane ol^en has four motors, 
jtnd in the case of very heavy types, sometimes more. There 
is a separate motor for each molion, suitably proportioned 
lo the work required for each molion. All the old gear used 
for reversing, and much of thai for high speeded reduction, 
is knocked out, and the phenomenal growth of ihe all- 
electric traveller is due lo this multiplication of motors, and 
simplification of gears. 

The first trouble arose in consequence of these complicated 
arrangements, coupled vith the fact that the speeds of the 
motors were much higher than Ihose of the pulleys for ropes, 
and the square shafts which they displaced, so that much 
reduction gear became necessary, with loss of power due lo 
friction. Whether belts, or bevels, or worms were used 
made little difference, the results were equally unsatisfactory, 
and the various devices, — and ihcy were numerous, — adopted 
to prevent belts from slipping, and gears from being noisy 
and self-deslructive, have been nearly superseded by the 
newer designs of the all-eleciric types. Series-wound motors 
were being used by some firms when olhere were still 
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employing the shunt-wound type. The advantage of their 
use is seen in lifting a wide range of loads anywhere from the 
maximum downwards, at suitable speeds without changes of 
gears, by the variation in the speeds of the motors, r^ulated 
by the controllers. 

The point in favour of a one-motor traveller was thought 
to be akin in one respect to that of a crane driven by a single 
pair of engines. The engines run in one direction, and the 
crane motions are reversed by clutches, and gears, or belts. 
On the electric crane, since the single motor took the place 
of the engine, at first it seemed natural and proper, and 
certainly it was then more convenient to crane-makers, and 
to owners of existing cranes requiring conversion, that the 
crane should be reversed similarly. From that point of 
view it seemed better to reverse the gears than the motor. 
At the period of which we speak, and with the motors then 
available, perhaps it was the better course. 

The entire absence of worm gears from some modern 
travellers is noticeable, spur wheels being substituted. This 
gear answered fairly well for driving slow-running crabs, but 
with increase in speed, the friction proved excessive, and the 
advent of the electric cranes rendered the immersion of the 
worm in an oil bath, and the taking of end thrust with 
friction washers or ball races, essential. 

Worm gear is retained on converted travellers, and on 
new ones of that type, just as on those of ordinary design, 
for the purpose of transmitting motion of the crab. The 
difference, however, is, that the older worms were always 
single threaded, while into later practice the employment of 
double, and even treble threaded ones has been introduced. 
The result is that the first are self-sustaining in any position, 
while in the latter it is possible for the worm to be revolved 
by the wheel when a load is on. The first arrangement is 
seldom now put on new cranes, the second is supplemented 
by a brake, or brakes. When spur gears are used, smooth- 
ness of running is ensured by using cut gears. 
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In several electric travellers now there is a third lift 

niircly independent of the main changes. It is an auxiliary 

^ht hoist, having its own motor, for very rapid lifting of 

ight loads, — an addition by which the utility of the electric 

iveller is much increased. 

There are many other differences between the slow- 
inning hand, or power travellers, and the present high- 
jded electrical ones. Notable among these is the 
lifierence due to increase in travelling speeds. In the 
'Older types lateral stresses were almost neglected, because 
there was little tendency to overset, or to twist. In the new 
it has been necessary to give special attention to lateral 
rigidity. The most striking design of this type, is that first 
adopted by the Brown Hoisting Machinery Co. Inc., in 
which the main bridge girders are stiffened laterally with 
horizontal trusses, flanking the outsides at top and bottom, 
these trusses being connected with diagonal bracing, the com- 
bination being both exceptionally stiff and light. Travellers 
should be, but are not always properly tested before being 
sent out. Testing pits are excellent devices. 

Fig. 200 shows the wiring for a traveller for continuous 
current, the example being by the Electrical Co. Ltd. It 
has three motors, a being the lifting, c the one for travelling 
the crab, and d that for travelling the bridge. The three 
controllers are seen in the cage, e being for the bridge 
motor, F for the crab, and G for hoisting, h is the switch- 
board, J the fuses, k the collecting rollers for the longitudinal 
travelling, l the conductor support, m the sliding collectors 
for the crab, b is the magnetic brake. The courses of the 
wires can Ixj traced by the reference letters a^, b*, &c. 

Fig. 201 (see overleaf) is the wiring for three-phase 
current in which the same reference letters denote the same 
details of the electrical connections. 

Figs. 202 and 203 illustrate two styles of conducting wires 
for travellers, from which the current is picked up by rollers. 
Insulations differing in type are used in each. The difference 
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tension bolt systems will be noted in Figs. 104 
and 305. 

Figs. io6, 207 show three-phase collecting rollers made 
for cranes; the spring armngeiiient is seen in F"ig. 207. All 
these are by the above-mentioned Company. 



Fig. 204. i''ig. Z05. 

Fig. 108 shows a collecting pole and trolley contact by the 

British Thomson- Houston Co. Ltd., of Rugby, a is a wrought- 

iron tube which forms the trolley standard, fastened with a 

flange b to the traveller girders, cc are angle-iron bracltets, 




OD are wrought-iron trolley wire holders, E r. the insulatin); 
staUs, f F cable terminals of gun metal, G G porcelain insula- 
tors, H H trolley wheels, or collectors, which are so arranged as 
to raise the copper wire when passing under it, thus using the 



ight of the wire to obtain good elt.'Ctrical conlacl. Thii 

allcniativc- lo the spring pole. 
Wiring for a three-motor cram: hy the satue Company i: 




n the diagram in Fig. 209. Here a is the motor for 
tiristing, n that for cross travel, c that for longitudinal travel, 
\ a, a representing the armatures. D indicates the main 
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trolley wires, down the gantry ; E those across the span, Tor 
actuating the motions of the crab ; b indicates the trolley 




wheels for taking current ; c the collector on the crab, f, g, h, 
are the controllers for hoisting, cross travel, and longitudinal 
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Invel respectively. Each has a magnetic blow-out coil at 
d, which prevents an arc occurring at the contact surfaces 
on the making and breaking or the circuit, thus reducing 
the wear of these surfaces to a. minimum, j is the switch- 
board in the cab, controlling the power, and liglit, each 
with its own fuses. 

Fig. aio illustrates the arrangements of controllers and 
resistance boxes of a traveller fitted by the same firm, the 
drawing; showing the cage a fitted at one end of the traveller. 
The longitudinal travelling motor is seen at h ; c, d, and k 
are controllers for the hoisting, longitudinal travel, and cross 
traverse respectively. Frequently the resistances are in- 
cluded in the controller boxes, 
but here they are separated, 
as being a more convenient 
arrangenienl. They arc placed 
between the traveller girders at 
one end, shown grouped at V, 
c, and II for hoisting, longitudi- 
nal traverse, and cross traverse 
respectively, j is the platform, 
and K the driver's seat. 

Fig. 211 shows a typical 
method of connecting the 

levels of two controllers with a universal joint, so that one 
handle can be used to operate either alternatively. It is also 
applied to the operation of three controllers with a single 
handle, and has the effect of simplifying the work of the 
driver. These are applied to many types of electric cranes, 
including travellers. The wharf cranes of the gantry type 
arc very commonly fitted with this style of coupled con- 
troller, and in arranging the levers it is generally possible to 
make them to move in the direction which the crane has to 
go. Thus, for hoisting, the lever is moved upwards, and 
for ibc travelling it is moved in the direction in which the 
crane is desired to move The possible objection that the ] 
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driver may move the lever in the wrong direction does not 
seem to be borne out in practice as a serious matter. The 
advantages outweigh any such possibility, and the operator 
is able to devote more attention to the load, than when he 
has three separate handles to reach for, and operate. 

Fig. 212 illustrates a magnetic brake by the Electrical 
("o. Ltd., in which a small air cylinder below allows the 
brake band to go on gently without shock. When the 
current is passing the keeper is held up against the magnets, 
and the brake band is held off. Should the current be cut 
off, or fail, this keeper falls away from the magnets, pulled 
down by its own weight, and that of the balance weight on 
the lever ; and driving the air from the cylinder, so puts the 
brake on gently. There are numerous details special to 
electric cranes which it is impossible to go into in the limits 
of this work. They would require a special treatise on that 
subject alone. 

Three-motor travelling cranes operated by compressed 
air are used in the States. The motor consists of a couple 
of oscillating cylinders at right angles, driving on to a crank 
in an air-tight case. The air ports are opened and closed 
by the oscillation of the cylinders, and they are controlled 
by a slide valve which starts or reverses the motor. 

GOLIATHS. 

The steam Goliath has been, and is still a valuable 
machine. It resembles and fulfils the same functions as 
the hand Goliaths, but with the difference due to the nature 
of the motive power employed. The steam Goliath, like 
the hand, has a crab, or else a jenny. In the first case the 
engines and gears are carried on the crab, in the second 
they are situated at one end of the beams. Steam Goliaths 
are therefore operated from above. 

Apart from this, the general design of the framing is that 
of the hand Goliaths. The crab is similar to an ordinary 
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steam crab. The same patterns are in fact used inter- 
changeably on the crabs for travellers and Goliaths. 

The common type, with rigid end fixings, is unsuitable 
to many classes of work, for which spans of over 80 to 
100 ft. are desirable. The pivoting of the bridge girders to 
the piers of the Brown cranes enables them to make gantries 
of longer sjmn than heretofore, spans ranging up to more 
than 200 ft. These cranes, with powers of from 5 to 10 
tons, will hoist with full load at rates from 100 to 300 ft. 
per minute, will trolley at from 500 to 1,200 ft, and travel 
at from 300 to 900 ft. These cranes are used in steel 
works, and for shipbuilding, sometimes with a cantilever 
extension at one end. Electric driving has been applied to 
Goliaths to a considerable extent. The arrangement does 
not differ greatly from that of overhead travelling cranes. 
Two motors on the crab for hoisting and travelling the 
latter, and one on the bridge for travelling are fitted. The 
current is taken from a suspended wire some distance up 
the sides of the Goliath, the rolling contacts and other 
details being similar to those of travellers. 

Gantry or Portal Cranes. 

The old Wellington cranes or Goliaths were, and fre- 
quently are, termed gantry cranes. But the term should be 
■properly restricted to that type which the Germans call 
Portal cranes. These have received their chief development 
in Germany, simultaneously with the growth of electricity, 
by which they are almost exclusively operated. But they 
were first designed as steam cranes. Essentially they com- 
prised a steam-balance crane pivoted on a bed, mounted on 
a tall arched travelling frame, the latter simply taking the 
place of the low truck of the ordinary steam-balance crane. 
The object of the tall frame is of course to clear lines of 
trucks below, by reason of which the portal crane is a 
great favourite on wharves, and dock walls; on many of 
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which a row of such cranes are inslalled. Any other type of 
frame could not he used, and still leave room for a line 
on which railway trucks may run. But having the arched 
form, this traffic may be carried on regardless of ihc 
cranes, or the latter may load and unload the trucks from 
vessels. The cranes are travelled from above through bevel 
wheels, and shafts, or sometimes by pitch chains, similarly 
10 Goliaths, 

Titans. 
Titan cranes are a very special type designed for handling 
and sotting thv blocks of concrete used in harbour construc- 
tion. They range in power from about 20 to 100 tons, the 
greater number made being built for blocks ranging from 
alwut 30 to 40 tons. There are several types, the chief 
divisioii being that into non-rotating, and the rotating ; — the 
latter being either capable of describing a complete circle, 
or a portion only of one. In some Titans the horizontal jib 
is sustained wholly on the framework of the base, and is 
therefore a cantilever machine. In others the ends are 
supjmrled with rods coming from the top of a king post. 
Titans ate balance cranes. They are driven mostly by 
steam, one set of engines lifting, stewing, and travelling. 
Electricity has also been used. 



Air Hoists. 

[ There ia no essential diffen'iice between the fixed hoists, 
tnd those that travel. The differences lie in the pipe and 
ick arrangements. These are termed trolley systems, and 
key fill a large place in some foundries, and machine shops. 
" li tracks are rails, of H, or Usections, attached to the roof 
iitcipals, or beams. In a wcll-airanged system, switches 
i turntables arc filled, and automatic safely stops. 
' Fig. ai3 illustrates a meiJiod of fixing overhead tracks 
topled by the Brown Hoisting Machinery Co. Inc. As 
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slability is of the first importance, and then cleai 
for the trolley wheels, both are fulfilled by this d 
hangt;r bolt a is held with a cottar b below, and 
on a broad washer above the timber. 




Fig. 214 shows a. trolley carrier with a doul 
joint to permit of swivelling round curves. The 
in roller bearings. 'I'he shape of the track is 




This is the Coburn track, and the system to whicl 
is a very complete one, including three desigr 
these only is shown in Fig. 215. Here the 
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supported by light truss framings b, at the ends. The longi- 
tudinal carriers c combined with the cross traverse move- 
ment of the double carriers d d cover the floor area, similarly 
to an overhead traveller. In another system, parallel tracks 
are suspended from H beams. In a third, single tracks are 
arranged, both straight, and curved, with switches, and turn- 
tables. 

Long-armed Cranes. 

In recent years some remarkable types of long-armed 
cranes have been developed, chiefly for dealing with light 
loads with great rapidity. The Temperley transporters are 
long jibs attached at a position to one side of the centre of 




Fig. 215. 

their length, to a mast or tower, which is either permanent 
or temporary. They are pivoted, and the ends supported 
with guys or tie ropes. The hoisting trolley runs and dumps 
the load automatically. There are several types of these 
built. The Brown cantilever cranes are elevated tramways 
supported at about the centre, and the trolley is travelled, 
and discharges automatically. There are several varieties of 
these built. 



Single-rail Cranes. 

These are built to run down the centres of shops, machine 
shops chiefly. They are post cranes, the post describing a 
complete circle. The jib is horizontal, the tie being above. 

Q 
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Such cranes are operated by hand, or by the cotton rope 
and latterly by the electric motor. These have long beei 
favourites, but it is doubtful if they will not be displace 
in a few years by the overhead travellers. They are use 
chiefly to pass down aisles of machines, where a travelk 
is not easily employed. 
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tinuous or multiphase currents are suitable for single motoi 
cranes. For multi-motor cranes the continuous current 
series wound motor runs fast with a light, and slowly with 
a heavy, load. But the motor will race if the load is 
suddenly thrown off, while the three-phase motor undei 
these conditions will show little alteration in speed. Il 
should therefore generally be adopted. 

An electric generating plant is now so indispensable in 
firms, that the old objections to electric cranes no longei 
hold good ; in addition to which, the areas of public suppl) 
companies cover the majority of instances, and are still in- 
creasing rapidly. Pneumatic cranes require an air compress 
ing plant, but this is not a large affair, and such a plani 
becomes almost indispensable in most works for othei 
machines besides cranes, such as portable drills, chippers 
caulkers, hose-pipes for foundry use, &c. 

The question of hoisting machinery is thus seen to b< 
fast becoming a part of the broader question of the powei 
equipment of works, and this has and will continue to hav( 
modifying influences in the working out of crane designs. 
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A-FRAMES, 46 

Air for operating cranes, 181, 182 

— hoists, 239 

— hoists, tracks for, 239-241 
Angle of upset, 80 
Attachments of tie rods, 38 



Balance boxes, 201 

— cranes, 200-202 

— cranes, hand, 200 

— cranes, steam, 220 

— cranes, portable, 220-222 
Ball races, 174 

Barrels, 124 

Base plates for foundations, 76- 

79 
Bases of fixed cranes, 72-79, 80- 

94 
Bearings, brass-bushed, 58, 59 

— dead eye, 53 

— divided, for shafts, 57, 58 

— divided, 91 

— for derrick cranes, 52, 53 

— for plated cheeks, 58-60 

— for shafts, 56-60 

— 'for trucks, 91, 92 

— spring, 91 



Bent jibs, 35, 36 
Bevel gears, 138, 139 

— gears on cranes, 85, 86 

— wheels, reversing, 143 
Block carriages, 1 27- 1 29 
Blocking girders, 93 
Boilers of cranes, 180 
Bolts in foundations, ^^ 
Braced girders for overhead 

cranes, 108- no 

— jibs, 30-33 

Brake, magnetic, 154, 155, 236 
Brakes, 152-155 
Brass-bushed bearings, 58, 59 



Calculations relating to 
cranes, 1-3 

— for crane frames, 43 
Cambered timber jibs, 27, 28 
Cantilever jibs, 22, 23 
Castings for crane foundations, 

75-79 

— for derricks, 11- 16 

— for jibs, 25-28 

— for truck centres, 83-86 
Cast-iron cheeks, 5 1 

— for snatch blocks, 170, 171 
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Cast-inm m cranes, 186, 187 

— postSy 16-20 

— truck wheels, 87-89 

— tracks, 81, 82, 85, 87 
Cast shoes for jibs, 26, 39 
Chains, 196-158 

— attachments of, to drums, 

"75-177 

— care o(i 157, 158 

— pitch, 15S-160 

— proportions of, 1 57 

— shackles of, 42 

— taking out twist, 1 58 
Channd sections for posts, 2 1 
Chedcs and cross girders, 

method of fitting, 61, 62 

— for crabs, S>« S4, S5» S^ 

— for hand cranes, 47, 48, 53 

— for timber-framed cranes, 52, 

S3 

— for steam cranes, 45, 48 

— for wharf or quarry cranes, 53 

— of cast-iron, 51 

— of crabs, 122, 123 

— of cranes, stresses in, 48 

— of derrick cranes, 52, $3 

— of rolled section, 54 

— or frames for horizontal 

cranes, 46-48, 50 

— or frames for vertical cranes, 

46,48 

— or frames of cranes, 43-60 

— pUted, S4-56 

— plated bearings for, 58-60 
Chilled truck wheels, 88, 89 
Clips, rail, 94 

Cosd tips, 219 
Collecting pole, 231 
Composite cranes, 217, 218 
Compound trussed beams, 99, 
100 



Concrete foundations for fixed 

cranes, 74 
Conducting wires, 229 
Controllers, 235 
Converted travellers, 227 
Cotton rope travellers, 126 
Crab cheeks, 51, 54, 55, 56, 122, 

123 

— gears, overhead, 124-126 

— wheels, 123 
Crabs, hand, 190, 191 

— operation of overhead, 123- 

129 

— overhead electric, 127 

— overhead hand, 123-126 

— overhead power, 207-209 

— overhead steam, 1 26 

— versus Jennys^ 122 

Crane barrels, or drums, 149-IS- 

— boilers, 180 

— chains, 156-158 

— cheeks, or frames, 43-60 

— cheeks, stresses in, 48 

— foundations, 72-79 

— frames, 43-60 

— frames, calculations for, 43 

— frames, outlines of, 44 

— gears, 130-145, 19^^) 

— hooks, 169-175 

— jibs, 22-42 

— posts, 20, 2f 

— pulleys, sectional forms of, 

164-168 

— rollers, 71 

— shafts, 146-148 

— sheaves, 164-168 

— trucks, 80-87 
Cranes, balance, 200-202 

— bevel gears on, 85, 86 

— calculations relating to, 1-3 

— cast-iron for, 186, 187 
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Cranes, composite, 217, 218 

— concrete foundations for, 74 

— electrical, 182-184 
~ Fairbairn, 211 

— floating, 218 

— foundry, 209, 210 

— gantry, 112,238, 239 

— Goliath, 112 

— hand, 190-199 

— hand operated, 178, 179 

— hydraulic, 181, 215-218 

— long-armed, 241 

— materials used in, 185-189 

— methods of operation, 178- 

184 

— pneumatic, 181, 182, 212-215 

— portable, 200-202, 220-225 

— portable electric, 222-224 

— Portal, 238, 239 

— power, 207-241 

— pulleys for, 164-168 

— severe duties imposed on, 2 

— single rail, 241 

— smiths', 209, 210 

— specialisation in, i, 96 

— standardisation of, 2, 96 

— steam, 209 

— steam balance, 220-222 

— steam hydraulic, 218 

— steam operated, 180 

— steel for, 187, 188 

— timber for, 185, 186 

— Titan, 239 

— travelling, 203-206 

— travelling, defined, 95 

— travelling, frames of, 95-120 

— travelling, gears on, 85, 86 

— travelling, triangular framed, 

191-193, 209-211 

— travelling wall, 194, 195 

— wharf, 195, 196^ 210 



Cranes, wrought-iron for, 187, 

188 
Cranked jibs, 33, 24 
Cross girders and cheeks, 
methods of fitting, 61, 62 

— girders as roller frames, 65 

— girders as stretchers, 61-70 
Curb rings, 85, 86, 140-142 
Curved jibs, 35, 36 
Cycloidal teeth, 131, 132 



Dead-eye bearings, 53 
Delta metal, 189 
Derrick castings, 1 1-16 

— cranes, bearings for, 52, 53 

— cheeks of, 52, 53 

— masts, 1 1- 16 

— posts, 21 

Derricks, foundations of, 72-74 

— hand, 196, 197 

— portable, 202 

— steam, 210, 211 

— ties for, ^S 
Derricking gears, 142, 143 

— jibs, 42 

Diagrams of forces, 5-9 
Divided bearings, 91 

— bearings for shafts, 57, 58 
Drums, 124, 149-152 

— chain attachments to, 175- 

177 

— grooved spirally, 150-152 

— plain, 149 



Earth boxes, 223 
Electric crabs, 127 

— current, picking up, 223 

— hoists, 209 
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Electric cranes, 1S2-1S4 

End beams, or cradles of over- 
head travelling cranes, loi, 
102, 105, 106, III 

Excavators, 225 

Experience, value of, 1 

Eyes of tie rods, 38, 42 



Kairbairn cranes, 211 
Fittings for iron jibs, 36 

— for jib heads, 40-42 

— for steel jibs, 36 

Fixed cranes, bases of, 72-79, 
80-94 

— power cranes, 207-219 

— steam cranes, 209-21 1 
Floating cranes, 218 
Forces, diagrams of, 5-9 

— in triangular-framed struc- 

tures, 5 
Foundation bolts, 77 

— castings for fixed cranes,75-79 
Foundations of cranes, 72-79 

— of derricks, 72-74 

— washer plates for, 'j'j 
Foundn- cranes, 209, 210 
Frames for rollers, 65-70 

— of A shape, 46 

— of cranes, 43-60 

— of overhead crabs, 121 

— of travelling cranes, 95-120 

— of travelling cranes, materials 

Fuse* Iwrrels, 15a 152 



Gear \%'hee] castings, hem- mide, 

— wheel teeth. prop^>nioDi of, 

— wheels, machine - moalded, 

— wheels, patterns for. 133, \\x 
Gears, bevel, 13S, 139 

— for derrickinii, 142, 143 

— for square shafts, 144 

— forms of teeth, 130 133 

— of cranes, 130-145, vf, 

— of overhead crabs, 1:4-1:6 

— power of, 134, 135 

— ratchet, 144, 145 

— shrouds for, 144, 145 

— single, 136 

— steel for, 140 

— typical, 136-13S 

— wonn, 139, 2 28 
Generating circles, 131, 133 
Girders, blocking, 93 
Goliath cranes, 112 

— cranes, steel framed, 1161 1>. 

120 

— cranes, timber-framed, 113, 

120 
Goliaths, 197 

— power, 204-206 

— steam, 236-238 
Gun-metal, 188 



G \NrKY cranes, 112, 238, 239 
— cranes Meel-frumed, Ii9i «^ 



Hand crabs, 190, 191 

— cranes, 178, 179, 190-199 

— cranes, cheeks for, 47, 4S 

— derricks, 196, 197 

— lifts, 198, 199 

— overhead crabs, 123-126 
Handles, winch, 179 
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Head fittings of jibs, 25-38 
Heads of posts, 62-64 
Hoist, oil governed, 212, 213 
Hoisting engines, 208, 209 
Hoists, air, 239 

— electric, 209 

— portable, 220 
Hooks, 169-175 

Horizootal cranes, cheeks or 
frames of, 46-48, 50 

— cranes, posts for, 21 
Hydraulic cranes, 181, 215-218 

— lifts, 219 



IKVOLUTE teeth, 131. 132 
Iron jibs, 29-36 
— posts, 17-19 



jENmrs, 121, 127 i2^> 

— I vrrirj crabs, s 22 
Jib castings. 25-2.^ 

— bead fitiiz^'i, zz-zi, -ft>x2 

— sockets, 25-2i 
Jibs, 22-12 

— beat, 35,/- 



Jibs, tie rods for, 37-42 

— frith cambered timbers, 27- 28 

— with struts, 24 

— with tics, 24 

jointing square shafts, 148, 149 



I 



— cast shoes far. yl- y, 

— cranked. 53. 31 

— for saresoGse inrjiSL. zr, 

— of ra'^Jrter '}Z0t. -i- - : 

— of iroc or sexL ^r'f- 

— of :roc 'X xuSsL imoifi 5-.r 



of roCeid 

of««L:-y3 

of TTTfeer- 2^ 

of n^a^ 



T^— J 



Lifts, hand, 198, i</> 

— hydraulic 219 
Live rollers, ^/>, 70 

Loads on overhead traveller 
wheels, 103 

— on trossed beams ^102 

— OQ wheel axles, 103 
LcAg-ansed cranes, 241 
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OverhCiid traveller girders, 
plated, 107, 108 

— traveller, motors for, 227 

— traveller wheels, stresses on, 

103 

— traveller, wiring for, 229-234 

— travellers, 203, 204 

— travelling cranes, end beams 

or cradles, loi, 102, in 

— travelling cranes, end cradles 

of, 105, 106 

— travelling cranes, braced 

girders for, 108- 1 10 

— travelling cranes, rolled joists 

for, 104-106 

— travelling cranes, span of, 

97,98 

— travelling cranes, wheel base, 

98, 102 



Pattern wheels, 133, 134 
Patterns for steel castings, 188 
Paths for rollers, 66, 67, 70, 71 
Pawls, 148 
Permanent way, truck wheels 

for, 90 
Phosphor bronze, 189 
Pins for tie rods, 38 
Pitch chains, 158-160 
Pivots of posts, 1 1 
Plated cheeks, 54-56 

— girders for travellers, 107, 108 

— snatch blocks, 171 -173 
Pneumatic cranes, 212-215 
Pole collecting, 231 

Portable cranes, 200-202, 220- 
225, 238, 239 

— cranes, posts for, 19 

— derricks, 202 



Portable electric cranes, 222-22 

— steam balance cranes^ 22c 

222 
Post heads, 62-64 

— heads, tie rods in, 63, 64 
Posts for horizontal cranes, 21 

— for portable cranes, 19 

— for steel derricks, 21 

— for warehouse cranes, 19 
of channel sections, 21 

— of cranes, 10-21 

— of iron or steel, 17-19 

— pivots of, 1 1 

— of timber, 10 
Power crabs, 207-209 

— cranes, 207-241 

— cranes, fixed, 207-219 
Pulley blocks, 190 

— flanges, 165 

Pulleys for cranes, 164-168 



Quarry cranes, cheeks of, 53 



Racking carriage, 121 
Kail clips, 94 
Raking jibs, 5, 24, 30 
Ratchet wheels, 144, 145 
Resistance boxes, 235 
Return blocks, 170 
Reversing bevel wheels, 143 
Rolled joists for overhea 
cranes, 104-106 

— sections for jibs, 30, 193 

— sections for cheeks, 54 

— sections in trucks, 82, 83 
Roller frames, 65-70 

— paths, 66, 67, 70, 71 
Rollers for cranes, 7 1 

— live, 69, 70 
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Rope wheels, 166-168 
Ropes, 160-163 

— care of, 161 

— cotton, 162 

— hempen, 160, 161 

— length of splice, 162 

— manila, 162 

— speed of, 163 

— size of pulleys for, 161*163 

— wear of, 163 

— wire, 160-162 



Screws of tie rods, 42 

Severe duties imposed on 

cranes, 2 
Shackles, 169-173 

— for chains, 42 
Shaft bearings, 56-60 

— pawls, 148 

Shafts of cranes, 1 46- 1 48 

Sheaves, 164-168 

Sheer legs, 197, 198 

Sheers, masting, 21 1, 212 

Shrouds, 144, 145 

Simple trussed beams, 98, 100 

Single flanged wheels, 87-90 

— rail cranes, 241 
Smiths' cranes, 209, 210 
Snatch blocks, 170-173 
Sockets for jibs, 25-28 

Span of overhead travelling 

cranes, 97, 98 
Specialisation in cranes, i, 96 
Spring bearings, 91 
Sprocket wheels, 166 
Square shaft travellers, gears for, 

144 

— shafts, jointing of, 148, 149 
Stability of cranes, 202 



Standardisation of cranes, 2, 96 
Steam crabs, 126 

— cranes, 180-209 

— cranes, cheeks for, 45, 48 

— derricks, 210, 211 

— Goliaths, 236, 238 

— hydraulic cranes, 218 
Steel castings, 188 

— for cranes, 187, 188 

— for gears, 140 

— for jibs, 193 

— framed gantry crane, 119, 

120 

— jibs, 29-36 

— posts, 17-19, 21 

— tyred truck wheels, 90' 

— wheels for trucks, 88 
Stresses in crane cheeks, 48 

— on truck wheels, 91 
Stretchers or cross girders, 6 1-70 
Struts in trussed beams, 99 
Strutted jibs, 24 
Superstructures, how carried, 

62-64 
Swivels, 169, 174 



Teeth of gears, forms of, 130- 

133 

— of gears, proportions of, 1 33 

Tension rods for jibs, 37-42 
Tie rod eyes, 38, 42 

— rod pins, 38 

— rod screws, 42 

— rods, attachments o^ 38 

— rods for jibs, 37, 42 

— rods in post heads, 63, 64 
Ties for derricks, 38 
Tie-supported jibs, 24 
Timber jibs, 25, 29 
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Timber posts, 10 


Trussed beams, sin 




Timber-framed cranes, igi-cgs 


Tyred wheels, 90 




— cranes, cheeks of, 53, 53 






11 — cranes, Goliath, iij-120 






— iravellinR cranes, 96, 97 


Ui'SEi, angle of, 8c 




i Tilans, 239 






Tracks, overhead, 239-24" 


Vertical cranes, 




Travelling cranes, 203-206, 226- 


frames of, 46-4I 
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— cranes defined, 95 






— cranes, frames of, 95-120 


Wall bracket forci 




' — crane frames, materials of, 96 


— cranes, 194, 195 




— crane, timber in, 96, 97 


Warehouse cranes, 




— gears of cranes, 85, S6 


— cranes, jibs for, 




— wheels, 87-91 


Washer plates in foi 




Travellers, converted, 327 


Water power, iSi 




— overhead, 203, 204 


Wharf cranes, aio 




— overhead electric, 226-236 


— cranes, cheeks 




Treadsof wheels, 88-90, 103 


— cranes, hand, 15 




Triangular-framed cranes, 101- 


Wheel axles, loads 




103, 209-21 1 


— base, 98, 102 




— structures, forces in, 5 


- treads, 103 




Truck bearings, 91,92 


— race, 140-142 




1 — wheels, 87-gi 


— teeth, cycloidal, 




, 'i [ — wheels, chilled, SS, S9 


— teeth, involute, 1 




■ ?' 


1 — wheels, for double rails, 90 


— teeth, proportioi 




;'l : 


1 — wheels, for permanent way, 


— treads, 88, 90 




1 


90 


Wheels of crabs, 12 




'; ■ 


1 — wheels of cast-iron, 87-S9 


— rope, i65-i68 






1 — wheels of steel, 88 


— sinyle flanged, i 




■ — wheels, steel lyrcd, 90 


— sprocket, 106 




— wheels, stresses in, 91 


Whip cranes, 193, ] 




Trucks, built up, 82-86 


Winch handles, 17c 




— centres, castings for, S3-8G 


Winches, portable, 




— of cast-iron, 81. 82, 85, 87 


— power, 207-209 




— of cranes, 80-87 


Wires, conducting. 




— rolled sections in, 82, 83 


Wiring for overhei 




Trussed beams, 98 


229.234 




— beams, struts in, 99 


Worm gears, 139,2 




— beams, compound, 99, 100 


Wrought-iron for 




/ 


— beams, loads on, 99, 102 
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cto«h, 111100117 bound 




PLATINO AND BOILER MAKINO. 

A PnctioJ Hmmlbogk for Wvkibop Dpenfiooi. By JmirH < 
A-U.l.M.K. ]la pp. with )]■ lUumiiaat. Crowe evo, clolb 



BOILER AND FACTORY CHIMNeY5. 
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i»lni(. Teuiplailng. a»d Cileiiliitnt Vailut Wofli. &a. B* I. 
<t>.WaeUailBalLeiia()i«. E.llio>lbr U. K-Cuin, C.B. Soonlk 



CROSBY LOCKWOOD «• SONS CATALOGOB. 
BOILERMAKER'S READY RECKONER. 

WUh Eianiplc* of PiMiual GeomMry uri TcBiubtlnit for ill* lUe el 
P1iun.Sintilu,aiidR)v«ir-rv ByJohnCounTHir. E^UU^ by D. K, Ct^U. 



BOILERMAKER'S READY RECKONER ft ASSISTANT. 

WiihBiainplMof PructieiiGmniMivKid TanpUtinj, ImihrVtttil Flucn 
Smilhi. Md Ri,«HTv_By Jobn Cc.y.™.». Ediwd by D. K. Cl.«. 
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UECHANICAL BKCrNBERING. *c. 
A HANDBOOK ON THE 5TBAM ENQINB. 

With uHcnl tMcnnec w Siull ud Mcdium-iiiBd SncinH. Fn lb* Vm tH 

of Stun Po«i, Itr HinHiH Hahiiib, C.K. TiuuUud ficni tbc Gamw 
«ilb HhlitMiu iiKl ■lianiioBi, br H. H P. Powld, A.H.I.C.E. M.I.M.K. 
Tbird Kdiiion, RcnwL Wiib nuily i.ies lIluuruiaciL Ciixrn too, 
dixb jVM 7/6 

THE PORTABLE ENOINB. 
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OwDcn mad U«> at Stm 



THE STEAM ENUINE. 
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THE STEAM ENQINE. 

For ibc <iu of Bi'gmiinn, By Dr. Lununiiii. CKnrn 9«o, cLolh . 1 /G 

lX>COMOTIVE ENGINE ORIVINQ. 

K Pnciual Muniul for Eniriiuen In CbuKc oF Locomotive EnilMi. Br 
MKiu*i.Kit»ou».U.S.B. Tnlftb £<niion. Cnwo Km, dutb, AS : 
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THE LOCOMOTIVE ENQINEAND ITS DEVELOPMENT. 

bemcE Ik] uTi^]. 'i<y C^jjovrT'^wnM. ck Kuli Kdnkia. 
IU<iM>t ind SoUitoL Ctows tni. doito Xtl 4,iS 



THE MODEL LOCOMOTIVE ENGINEER. 

PbcOMU. and Knciuc-Bof. Conpiiiins ■ HisoriciJ Nixkt M lb> nooSB 
Lsceounn Kaxiiici nd ibcit [Brenun. Br Micuaw. IUvholh S«DBd 
tdlliM.silb lUited A|>pen4w. Ciowd Iro. dolb. a 6 : '^^ l«>n>*- 4jV 



LOCOMOMm: f n(>iM:S. 

K I>. 1. . .. By G. U. DiBrur. C-E. WUb \ut/t 

KM |.riiL«<niiatIv«.UI>. K. CkAa(.MJiuLC.K. 
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CONTINUOUS RAILWAY BRAKES. 

K l>n>.ucal T>'>iIh «i ite Hnnl Stmuw u> U« la ■*( Unllad UsBrin- : 
ihcB ConUDcikn uid PiWcravKc By U. ItKinwuM. tn.cla(k StO 
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BNaiNE-DRIVINa LIFE. 

SdnJDf AdvvDiarc* sad Ineidaiu ib ibc lJ*e« of Loooowtiir* Kpfftte- 
OriTsrv By Miuuu, RvnoLH. Tbinl Sditkn. Crown In. dock ■ 1/S 




MECHANICAL BNGINBRRING. «<. 



THE ENQINEBR'S YEAR BOOK FOR 1906. 

Cmprilinc VonnnlB, Ruls, T4blH, Duaind Menonods in Gvi 
UtdriaJ. Muins and Mine EaciiKeriDE. Bf K. R. Kshpi, ai.iaiuv.b.. 
Prioapill Suff Edginea. Enlinecr-iii-CliKCi Office, GcnertJ Pimt OBiix, 
Londna, Anibor al "A Huidbook oT E^eclilcil Taliog," "Tlx ElecniciU 
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THE MECHANICAL ENOINBER'S POCKET-BOOK. 
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PRACTICAL MECHANICS* WORKSHOP COMPANION. 
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TABLES AND MEMORANDA FOR ENaiNBBRS, 

MECHANICS. ARCHITECTS, BLilLDCRS, «c. 

Stlf<:i«l »nd AnrnK") W FnANCH Smitm. Si«i.lb EiUuan. >t«uid. iulodint 



THE MECHANICAL ENGINEER'S COMPANION. 

Haua, Cuba, roob. ftc ; Sucnclh oT Bolu, Weigtat </ Iron. &c ; Ws^fau, 
cugm. imd elh«r DUl Alig Pnclnl RuIsCbi EaeRM {"laiiatiaiia. I!* 
R. KowAiHS, M.IaH.C.K. Fo^h Bins, doik. 3^8 
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IRON AND STEEL. 

A Woik foi tbe Poise Foondrfj ?»ctixT, mill CMBcK. Ccnliiiniu m 

M^n^^ nf R« R.,1 P\.,. .nrf Sh— rHoUbll^MilU; llOP Uld' 11 

_.den.&c Bt Chailb Hoau. 
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WORKMAN'S MANUAL OF eNUINHERINU DRAWINQ. | 

By John Mi>tni>, Instiuctoi In P.ni.'i>irr.inE ffnwlnit. RonI Kit 
Collrce. Greenwich, Eighth Ediiinn. ynI'\MciaodDUfnsn^ CTa>D»v_. , 



PATTERN MAKINO. 

EnbnciDf the Main TrM al EncfAe. 
Geulnc, KnoH WotH.^uvc, imr Fu 
'"""'""" P«ni, PotOfa Md C... 
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MECHANICAL BNGINBEEING. 
PRACTICAL PATTERN- MA KINO. 

A PiaciicaJ Wnik on IheAri D(Mali.ini Ponom for Fln^netrfniiuid Foundiy 
Woric, incLudiDE (Hinaiig other inancr) Materull and T»|U, Wmd PlUolu, 
McUlPuicnii. PaimiSbap Miit>i«imit>a.Ca«,CarE, ScorfiDom. Br 
F- W. BAUtowit. FuUy tllusovml by Knsnyiiitii imule fmtn SpcciaJ Drawina 

SMITHY AND FORQE. ^^1 

Indiidind Ibe Parrlet's An aiul Coach Smithing. Bi W. J. B. Ciiiii. ^^^^| 
CnwD ivo, elotb Q/S ^^^H 

TOOTHED QEARINQ. 

APmaiaJHiuidbooklMOSixiaiidWorkUiDpt. ByJ.Htiutiii. A.M.I.U.E. 
T Cluipiemii Hocini PnBtiee. With (S( IUuwb- 
6/0 

MOI>ERN WORKSHOP PRACTICE, 

Ai apptiixl lo Marine, Laiid. and Locamallvo Rneinfi. Flmine Docki, J 
D(edffngM»chlnM,BridK«,Sliii.bulldlng.acc. By L C Wikti.h. Fa.itiS 1 
EdUion.lUnsiiiied. Crono SvD, cloib 

DETAILS OF MACHINERY. 

Cooiprbing Initrocllnni (or the Eiecntloa Qf various Work 
ntling Shop. Foundry, and Boiler Vud. B; Phahcii 

BNQINEERINa ESTIMATED, C05T5. AND ACCOUNTS. 

nf Millvnghi Work. HUcctUn«oiii PioductJonL StouB Engibd atiA 
Jlrr«i ikDd I Section on (he Preparxioq of CofD AccouDtc B* 
llMahuu. 5«ODd EdiliDO. eva,diilh. .... 12/6 

MECHANICAL ENUINEERINO. 

Muhlocr}. Mcchinlul 'MuUpuUlJon, Utaaii 
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wilh an ApHndix od Aucruan Pncilce by A. Ti'o«iiiiiik:ii, Ph.B., Adjunct 
Prafevuir of MfchanitslEnginecrinc, Columbia Uni«rdly. Koyil Bra, dHb. , 



MECHANICS. 

BplnE a concl» EiposHlon of (he ( 
■nillhcliApplluIlaas, ByC. Tniitmsu-, I'.r..^ ..iuTru 

FUELS: SOLID, LIQUID, AND aA5E0U5. 

Theli Analrilsind ValiiBiIon. For (111 luc of Ct>«nlsti ond EiiglTiem. By 
H.I, Phillips, F.C.S-.fonnerlTAiulyUul and Cansulllng ClienUil M Iba 
Ciea( EBstern RiUwbt. Founb BdlUon. Cravn avo, cloui . 3/0 

FUEL, IIS Cd.MIUi^nON AND ECONOMY. 
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PUMPS AND PUMPINQ. 

A HADdbook for Pump Utcn. Bdbi 
Muia«ciMdL By M. Pawil B*Ui 
Edilion. CiDwn iio, clotti 



REFRIQERATION, COLD STORAGE, & ICE-MAKINQ 



iH on ib« An ud Sdana of EUTrigtnidaii. By A. J. 
A.M.Inn.CE.. Anthar ol " KcbiBotSnt and iGt-Maloai 
pp., »iih ]6a tllmlruiaiu. Medium Bvo, cloth. !f't ^alO 



THE POCKET BOOK OF REFRIOERATION AND ICB< 

MAKINU. 

By A. J. W»i.Lls.Ti¥LM, A.M.lnM.C.K. Auihor of ■' Ruftigcraliul ud loo- 
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MECHANICAL ESGtSEERING, ««. ii 

REFRiaERATINO * ICE-MAKINQ MACHINBRV. 

wd Ic3c-M*liine InnaJluJimi. ud ocbin. Br A. J. Wauh-Tavlkil 
A.M.II1M.CE. Tfaiitl Ediiiofl, EnlirgHl. Crows Svo, diHfa . 7/8 

BLAST FURNACE CALCULATIONS AND TABLES FOR 

FURNACE MANAQERS AND ENOINEBRS. 

Cooiataing Rul« ariL) FonnglK /or Finding the DImentiiJOs and ODIput 
Cipicliy of any Furnace, >t kcII u Ibe ngnJir Outfit of Slovu, MMllnR 

houR. ByJoHsL. SlivuBSOH. F'tmp. Bvo. IJi,,! PiMijiiJ. Nil BIO 

MOTOR VEHICLES FOR BUSINESS PURPOSES. 

A Practical Kaodbook for those Inttrciled In Ibe Trinsporl of PataiDgcn 
and Goods. »j A. ]. W*lli*-T*vlh, A.M.lnjt.C.E. Wilh im lllusira. 
Ilont. Demy Avo, cloth. IJial f%blulud. Nil QIQ 

MOTOR CARS FOR COMMON ROADS. 

Bt A. J. Walus-Tavlu. A.M.IiiiLeil. ii> pp.. nOi ^6 lUnxntiau 
CnwB In, ckHh .... 4/0 

AfiRlAL NAVIOATION. 

A Pnokal Hindbadk oD Ibe CoDsIrdcuon of Diriiible Billcani. Ationui, 
AAwluKh and AeramotDn. By Fkuihice W^iJcn, CE,. Ahkuu 
HoBba of Lbr Aidoftaitiic Intiiivtt Wirb toj tlluiiratioDs. LaTve Cr^wn 
iwa.ttOik. . . . . ^If 7(8 

STONE-WORKINO MACHINBRV. 

A MuHil duliht »iU> lta< Rapid and Ecseunical Om—aum of Sioas. Whb 
Bi^.'M,'iir.ic"t'*alM'a™,d«f*""'. '™' . " . .' '. 8/0 
RRES. FIRE-ENQINES. AND FIRE BRIGADES. 

Hina'rM R^HrigadB. ittfi^'c ™ ^■ Voi)i«rc'a.'»¥ftd«b."5fl'4ll 

CRANES, 

Tbc Connrucikcin or. wid Mbec MteUdDn lor RaialnB Heavy Bodl« f w the 
fiiBoUon u( BulltUim Ac Bfi. Clikk. F.B.S. Cievni B>a,cl«b 1/Q 

CIVIL ENGINEERING, SURVEYING. ETC 
PIONEER IRRIOATION. 

i-h'..' ' ■ -.'^i.m.'k. 
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THE RECLAMATION OP LAND FROM TIDAL WATERS. 

A HaniTMi^ lor Riwl»m, l.>nd<d pTaulct'O, ao.l ■•U,ft Iniimlnl In Woili 
By A. BiuiBun. M.lnM.C.E. S«, dsth. A'tf 10/8 
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THE WATER SUPPLY OF TOWNS AND THE 

5TRUCTI0N OF WATeU-WORHS. 

A Fndk*! TiEUiic (or [he Uk of Eddabb „ .. 

Bv W, K. BorroH. A.U-IoR,C.K.. CoonilliDE EDginKi to Ibe Tskyo 
Wus-irorkk Seuut Kdiunn. Vuc-^mA U]dRiiui>d«l. Wiifa namsraiu 
Plua ud I lluHnuDiu. Snpa-coyil Svo. backmn. . ■ ■ 38/0 

'X OUAJfTfTV 



E CON- ^H 




THE WATER SUPPLV OF CITIE5 AND TOWN*. 

Br William Hdhmi. A.M.I1 
ud Wionibt lioD Bridn ' 

PUiH, ■ SiDilt PUm. Cok 
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RURAL WATER SUPPLY. 

A Fncliol Handbook on tbe Supplr d[ Wuer 
ooiki fa iiniU Counur Dimicu. By Alijk 



WATER ENQINEERINO. 




CIVIL ENGIKSBSING. SOHVBYIHG. ««. IJ 

I WATER W0RIC5, FOR THE SUPPLY OF CITieS AND 

Wlih • llc-cii|'t1an of tba Pclncl)>«l Calaejul frmnmlnni o( UxkUikI «• 

lnBn™clni(Sniti.ll«o(W»lcf. BTSaMUELHunKK, Cm»n»™,ololh A,© 

POWER OF WATER. 

A* ii|>plln] la <ln*e Flout Mllli, uid In give motion lo TiuMnn. ubi Mbw 
lUdRxiUile Bnginei. B) Jos.ni Clikh. F.R.S., *0. N«r KdllNn. 
irfuilial..! (.-ro>%r, Svc. cIdiIi 20 

I WELLS AM) wiLL-SINKINfl. 

' ' ' i.li.A., ADil C. R. Buii<i(U, C.B. K*Mw4 
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i HVDRALLIC HUWkk tENOINEERINO. 

A Prictisl Muiu«l oo lb* ConauiD-iuiiin ud TranmlHlcni of Pi ) i— Vr 
Br<lrmaUe Undiincry. Bf O. CioTiMH M»H,A.U.liul.CK. E«M<I 
Edition, Rnbisnl, vlih nbout 1*0 lllaxDHioiu. tm, drxb. 
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HYDRAULIC MANUAL. 

CouiMinE of WoildnE Ttblei ind Kiplanuor 
BjdnBte C4kuluicii> ud FfcM OpoMtoa 
Aulba of "Aid u Survey Pnclia,'' "M9 
Bdilion. RnUrBbL Lvge ctown Ivut docb 



HVDRAUUC TABLES, C0-BFP1CIENT5,« FORMULA. 

P« FindiDE ilx DiKbuEc of Wuci bom Orib», Nmchn, W*ln. HpH, ukI 
Rinn. Witb New FonBulnu Tabln ud GswnU Inlormuioa on Kais-ML 
CucJinWDi-Bwin*, 0»in>«t, SiwoBce, Wmei Supply (or Towni ud Mill 
Pd«. By loHv NiviLLB, C.E., U.K.I.A. Tbird Edldon, nrlud. Mili 
■Jdniorn. Sumaina Uhatmiaa. Crown Itd, clslli . 14/0 

MASONRY DAMS FROM INCEPTION To COMPLETION. 

iBcbxtini namnout Fixmute, F«nni ^ SuRlSdiiun ud Tuidti, Pii^m 

^Diiunai of Fcn«. S& Foi Uh itu gf dvil iml Minixf Kn(iinn Ht 
CTCoucTHUv. M.I-ulC.L l'-<>,cU><ti SQ 
RIVER "bars!™" """^ "' '^' '"""*" "■ ■™'™~- -*-*«■ '*« 
Tb* Cmh n« iheli ronuiioD. and tl»l> T>-Ms.rnl by "Indovd Tidal 
Scovi': wilb ■ Dacripdon of iIh SuUEufu] Kalncliua by Ihit U«)kxI oI 
Um Bw *i Dublin. Byt.J. Mam. Awu.Roi.uib* Dublin PonudDochi 
Bond. Kofi Km. cLib . T/s 



DRAINAflE OF LANDS, TOWNS AND BUILDINUS. 
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SURVEViNQ A5 PRACTISED BY CIVIL ENQINEERS 

AND 5URVEV0R5. 
Including tbiSclIinf-iMIofWacki ToiCaiulnKtian and SuncTi Abmad. *ith 
nun* Eaunplnuken from Aeoal Pnctice. A Handbook fa uc in tke Kdd 
(Dd ibi OScfi, inimded tlia m i Ten-book f« Studcnu. By Jorh Wtart. 
uir, tun., A.M.liuI.C.E.,Auth«ar"PoiDtiudCiDanKt." Wilhaboni 
iGo Illuiuaiioiu. D<my 8vo, dotb ''« 10/B 

PRACTICAL SURVEVINQ. 

A Texi'Book lor Scadenti pninring lor En 

ihe Colonio. By Gioiaa W. tfsiLi., A.: 

thDrnughl)^ ReviHd and En1iu-£«1. by A ._ 

Viiih 4 Litiioeiaphic Plaus and 363 luuttniiaav- l^rge 
clo«h;oi,oorHii ' -' ■■ ■ --■.---- 






SURVEVINQ WITH THE TACHEOfflETER. 

A pncdcal Miniul foi Iti* aa of Civil udUiliury EDCioeenwul Sutvcyon. 
■nclDdiPi two Rria of Tablu tpMially cnmpuud b Ibi Redntlien at 
Rsldina in Seuzoinial and in Ccnloimal I>c|I«B. B* Nin. RCHHIIOV, 
U.llia.CE. With Diagiam. and Pliie*. SKOod Edition. Dtmyr 







LAND AND ENQINEERINQ SURVEVINQ. 

For Sluduiu and Pncdcal Ute. B; T. Bixiii, C.E. 



LAND AND JHARINE AURVEYINQ. 

In Kelscnu 10 ihe Picparaiion of Plaai r« Rnadi and Rwlnyt; Caoati. 
Riven. To<nu' Walei SuppUei: Docks and Hailniira. With baoipiiaii 
(nd U« or Siuvcying Initrumeiiu. By W. Dans MAsaoLi.. CE. StcoDd 
EdiiioD, RtviMd wiili Ailditiotu. Lams ciawB iva. dotli . B/O 
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DuudSlif. S 



•iihoul tlu f bmdDlil 



ly: Levcllioa •Hh 1 
TbmdDliit. Eanbwi 



lb Edilion, £EUarg«d- Crown B« 



CIVIL BNGINBBSING. SURVBYISG, «c. 15 

AN OUTLINE OP THE METHOD OF CONDUCTINO 

A TRIO ONOM ETHICAL PURVEY. 

i» Ksnmuuuntx. LEVELLING. AcTmb u'lehil P^Uuu, FoonutE. 
tai Tublo. By Umu-Otnaml rRDHK, R.K. Founh Ediiion, Rtvisid uhI 
puUr Kc-wriuui br MijoT-GEDoml Sii Chaulu Wahuh, G.C.M.G., R.K. 

wiibTqPiuouiiiijWoodcDu.fDr*Ja>'>.aoita .... ifljo 
PRINCIPLES AND PRACTICE OF LEVELLING. 

SbowiDC iu Applicuinn la Purpiua of Railway and avij Engineerint IB 
thi ConiuucudD oT Rowli; wilb Mr. Tiltokd') Rulti f» Ibi ume. Br 
FnfniCE W, SiHiu, H.I1UI.CE. Eighili Ediiian, wiifa Lao's Pnctkal 
Kaampl^ fw Sciunf-ooi Rallnr Cutia, ud TuDTniin's Fidd Pniclkx 
of L«ying-jiii CitcoUu Conw. -. . 

TABLE5 OF TANOeNTIAL ANOLES AND MULTIPLES. 

For Stiling4ui Cum (ISD s u KE> Radiui. By A. BuimJti, M.ln«.CR. 
■tth Edition, Riviied. Wiib an Anieiidu on Ihe lue of Ibe Tablo fix 
Mamiuc vf Cnmt. Prinied dc )d Cards, and ulij in ■ dolh boi. wiiucoH' 

PIONEER ENQINEERtNO. 

Waste L»nd» In New CouniOfsl Bj B. Dobsob, M.lnsi.C.E. Second 
BdiUoa, Crown Svo, cloth 4;fl 

TUNNELLING. 

atiu. By Ckailh Puuh. C.E Whfa additiau br 
.L,C.E. Wiib ijoDiagiaffitanilliluiIiUioai. Raj-ml in. 

»•< 16/0 

PRACTICAL TUNNELLINQ. 

RaafiDg t)M lino and Lcveilinc andtrixodEKl, Sab-Katavuinf. TimbennE 
•ud lb* CDDBruciiog of iJh Bnclnmrii of Tunneli. By F. W. SiKiai, 
M.IU1.C.K. Fourth Edidan, REVued and Funbcr Einodcd, iaduding ibt 

CUt««.M-iMi.C.B. With M FoUioc Plato. InpoiaJ tnt.deib «29*, 
1 auoijl. taif »li*r» 10 tt* Tttuawai ma"* - ■ -^ 

EARTH AND ROCK EXCAVATION. 

neilcal TtEallu. hj Chiulii PanLiai, C.E. ]6] (rp ■ '^''i Tiblu. 
FT l>iuranii and tnirenno, Bonl Hvo, claib. 

CONSTRUCTION OF ROADS AND STREETS. 

AddlUDiia'cluplenTy K. }. WAUJs-'tali^it, A-M.liul.C.B. ^ 
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CROSBY LOCKWOOD * SOS'S CATAIOGOB. 



TRAMWAYS; THEIR CONSTRUCTION AND WORKING. 



_.. „ r _. . ..imoty of the SiweK; wiih on etbAoslive 

Aiiiil)F>ii ol ibt Vviotu UAtB cf Tnction, indudinc Kont Po>b, Swi, 
C^li Tnclion, Elccirk TiKliOD, Ac.;> Vtaalm&x at Itx: VnoH o) 
BoUioE Slack; uul ani^c Dtuili at Cos ud Wockini Sipeiun. Nib 
Bdliien, Tharoushly keriial, tad Indatli&e ihc PragrEs tKrmij i&Ad* Ib 
Tiuiiwir Conuiunion, Ac, ftc By D. Kihhkai Cuiic, U.IbilC.K. 
With 400 lUiulnliou. ivg, jggpp,. bucknm. SBIO 



HANDY QENERAL EARTH-WORK TABLES. 

GiuicE [he Contoiti in Cubic Vudi oT Cmm and Slopd ol Ciutli>c> asd 
M «•« Chain « loa fm Chain. Rj jHs. W^rwii Bdcii. >1.Iiib.C.&. 

n, .sh«.n™„.«iiD,:i«ha« a/a 



EARTHWORK TABLE& 

ShowiDE the Codwdu id Cubic 
MeilliU or Depths up ID an iTEili 
and Frakii Cakfik. C.E. Cio 






A MANUAL ON EARTHWORK. 

Bt Aux. J. GitHAH, C.K. With numaroi 



DIaflTjuni. Sfcood Ediiioo. 



THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A I>n>ctial and Thcortlknl E™r. By I. H, Wat5d» Bdch. M.loit.C.E 
Koideni Eoginee, L. and N. W. R. With Foidini Pluio. Sin, lOoch 1 2/ 



ESSAY ON OBLIQUE BRIDGES 

(Pmcliqal and TheoMilcall- Wilh .1 larva 
WAnoN Buck, U.InatC.K. f 
Watsoh Buck, U.lau.CK.1 a 
Diacmni lot Fldlituinc the Coi 
BARunr. M.lDSI.aE. Rord Bn, i 



iii«i, iciiEd bj (di Son, J. li- 
ttle hJi^tioTj of Dctcripnoi ie 
of ObliqiH BndgQ, by W. H. 
12^ 



CAST ft WROUGHT IRON BRIDOE CONSTRUCTION 

lA Camplile uid Pnctical TrauiK on), lacludiOK Iron FDiuidUimL Is 
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iiD. WUb to Ulunn- 

. . 210 

I IRON AND STEEL BRIDGES AND VIADUCTS. 

A Ptacneil Tmiise upon iheii Conmoeiloo. For ibe u» of Bnglnem, 
1, and Sludenls. By Fmiieis C*iiriH. '" " "" "— 



elmh . 



- 8/S 



I TUBULAR AND OTHER IRON GIRDER BRIDGES. 

D«eriblnc the Brtunnla iDd Conu-ay Tubular BriilKe. With* SUich of 
liDO Bridgts, fte. By G. D. DeiiriKT, C.B. Cn>wn«vo. cLoitl . 010 

\ QRAPHIC AND ANALYTIC STATICS. 

le (bcir Paaieal Apfliauaa w Iht Tkubioii of Smaa in Kcob. Solid 
Gbdoi, '*""^i Bowhoe' >Dd StupHuioa BHdees, Bracsl Iroa Afcbs *Dd 
ncn. (od Mho- fmnemffki. By- K- HuDioii GuHAH, CE. COaiuniiif 
Dil(T«niI ud PUla u Soik. Witb Dnmoou Eiunplis. muy ukcn bun 

UninniUB. Saconl Ki^ii«. Riviied tod SnUigcd. Itq. cloUi . 16/0 



WEIGHTS OF WROUGHT IRON ft STEEL GIRDEIIS. ^\ 

A Gnpbic Tabic (dc Pidliutiiii Uk Cfxnpatukin of Ibe Wa(tau dC Wroortl ^^^H 

J™. WtTMHllDca. MIdb.'cS C^^ShM ... . 3/S ^^H 

I GEOMETRY FOR TECHNICAL STUDENTS. ^H 

Sdffeca and Solid!, iniladilitt PtJilims in PUnc Gcximiy UKftil in Dnwtnc. ^^^M 

' PRACTICAL GEOMETRY. ^H 

riK lb« AiehiiEcl, Entines, uid Mfcbuic Ginnc Rides rcrlbe tMiuMies ^^^H 

u>d Applioiiioii o( nniius Gsameuiul Lino, niura, ud CsiHi. B* ^^H 

B. W. Tui.. U.A., Aichitect. I.O. clolb 8jO ^H 

I THE GEOMETRY OF COMPASSES. ^| 

Oi, Problcnu Rooliol bv iIm intre Dacriptioii at CStdu wxl Ibc Uie << 
Calonnd Di>E<»i>>i ud Synboli. Br Oum Bnn, Cotoond Plua. 
Crovb Ito, doth ,.,..,...>- 3^0 

1 MENSURATION AND MEASURING. 

Enelroorins- By T. E.iEir:. C.E. Ms- Eduiou by E. Nuoixi, E.G. 
Crown Svo.cloib 1 ifl 

I HANDY BOOK Por THE CALCULATION op STRAINS 

■ad CorTBHioodinE DiagTuu, wirb AOBKTOUt deuiU for Practicai Apulic*- 
•Um, Ac By Wiliulh Kuiign, A. M.I1111.C.E., kc Siith Ediiion. 
Crown im. w»b aailr too Weolcnii ud s ^'i'^ <^<*t' ■ 7/8 



■ THE STRAINS ON STRUCTURES OF IRONWORK. 

Wi<b Pnakd Rcmwlo la 
M.lM.CE. In.dMh . 




MATERIALS AND CONSTRUCTION. 

ATheoreitcal and PracUcnlTrtinliffonibc Sliilui, Deitlgnlnf.«( 

of Worluof Coruliucllon. U; K. CAUi'rx. Clolli . . ■ ■ a 

EXPERIMENTS ON THE FLEXURE OF BEAMS. 

RnuliiHE [d eIk DiKomr of Nc» Lawiof rt:\mt bj Bucklioi- By ALHaT 
B, Guv. UediucD Bvo, doth . . Ntl BJO 

TRUSSES OP WOOD AND IRON. 

fnaiatl Actjliaaioat oC Sdtncc in Deunninlac ibc SiraM4, Bn»Ua( 
Wciibu, SiJe Ludi, Seuilinn. uid Dflaili sfCoaiinictisii. Wkb Ceniplnc 
Workiog LHivingi. Bf W. Cntmtti, SnrRyoi. Oblan( I*d, d«b 4/6 



CONSTRUCTION OF ROOFS, OF WOOD AND IRON 

Deducitd ohleHv from xbi: Work) of Rolit'nn. TrcdeoUI. >od Miunba. 
E. W. TiRN, li/.A., A[chl1w:(. Fdunh EdlilDn. Cro»n Svo.crwb . 1 



A TREATISE ON THE STRENQTH OF MATERIALS. 

Bv P. Baxuiw. F.R.S., P. W. Bahlow, F.R.S.. ud W. H. Bailo*. r.lLS. 
KdiwdbvWH.HuHBUi.A.M.Ina.C.E. Itd. datb . . laO 
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BLASnNO AND QUARRVINQ OF STONE, 

Fat hailding attd other PiuptHca. VTilb RiaaaiVt on i] 
tiga. By Gcv. Sir 1. Utjigovki. K.C.B. Ciawu tro. 

SAFE RAILWAY WORKINO. 

uuc 11 ftailwiy AoidBiit, llieli Cuuc 






Ciumrr £. Snama 
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ENGINEERING STANDARDS COM- 
MITTEE'S PUBLICATIONS. 

iBE EKCINLEKIXf^ StAMjAKUS CuMUITTbE b 

Slated tiy Ihe iasutuluio of Civil Eagineers >| ihe in 
or Str John 'frolTc lWr;r, K.C.R, lO inqoin! inlo the sdviubOity ol 
StandaKliuiig Railed Iroo anil Steel Sectimu, 

The Commiitee a sippoited b; tbe Itisinaiioii of Civil EngiD«crs. ibe 
InttttBDon of MecbBOkal Eogumrs, Ibe Insiituiion of Naval Architects, 
Ibe Iron and Smi Insitiuie. and the Insiitntion of Eleclncid Eneinetn : 
Mid the value and imponance of ia labours has heen emptaatloallj 
bj His Majesty's OoTetnaieol. wbo bare mule > liberal gtani 
Ibe PuUic Funds by way of conlnbution to tbe (ioancial retouices of 
Oc Coatmittec. 

Reports alnadf f-nbliibed :— 

I. BRITISH STANDARD SECTIONS {9 lists). 

AaiilMS. Eoi'A!. U.D Ubbjuhl.— Bulb A>qli». Tmj ako Pijic— 
Z lUti T Bjwi.— CB»MeLS.-lta*MS. .Vil 1,0 

TRAMWAY RAILS AND FISH-PLATES. y„ 310 

REPORT 0^ THE INFLUENCE OF GAUQE LENGTH. 

ByP™«B,i«W. C L'swiN, J.R.S. .V,r 2ia 

PROPERTIES OF STANDARD BEAMS. 

t/ai^wWn .V,.. i.) y,! 1 <0 

STANDARD LOCOMOTIVES FOR INDIAN RAIL- 

WAV*. X" toe 

PROPERTIES OF BRITISH STANDARD SECTIONS. 
TABLES OF COPPER CONDUCTORS AND THICK- 

NE»&I:« OF DI-ELECTRIC. .Vri a>a 

TUBULAR TRAMWAY POLES. AW aiQ 

SPECIFICATION AND SECTIONS OF BULL-HEADED 

RAILWAY KAIL5. AVr iOjS 

>. TABLES OF PIPE FLaNOES. .v., 26 

I. SPECIFICATION 4 SECTIONS OF FLAT-BOTTOMED 

KAILWAV RAILS. .V</ lOe 

SPECIFICATION FOR PORTLAND CEMENT. .v-> a 6 
ij. SPECIFICATION FOR STRUCTURAL STEEL FOR 

SHII»ltlilLlJlNU. .V.f a.'Q 

I 14- SPECIFICATION FOR STRUCTURAL STEEL FOR 
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• CROSBY LOCKWOOD «- SONS CATALOaVK. 

NOINEEBLSG STANDARDS COMMITTEE = HePOHTS— M»(iK»nJ. 

;. STRUCTURAL STEEL FOR BRIDQ&S 

QBNERAL BlrlLMINa CONSTUUCTION . ; 

;. SPECIFrCATlONS AND TABLES FOR TELEGRAPH 

MATKRULS. .Vil la* 

INTERIM REPORT ON ELECTRICAL MACHINERY. 



1, BRITI5M STANDARD SCREW THREADS. ,vb 2,B 
:. BRITISH STANDARD PIPE THREADS. :..: 2/6 

!. REPORT ON EFFECT OF TEMPERATURE ON 



25 ERRORS IN WORKMANSHIP. Hascl o 



MARINE ENGINEERING, SHIPBUII.DINO, 

NAVIGATION. ETC. 
MARINE BNQINES AND BOILERS. 

— ■ "ebeh and ConlUncdon. A Hindboak for 

Enpnttts, Md Nliv - - 

KonBtiukiio 





HARWS BSGlSBERtNG, NAVIGATION. *e. 




or rommla. Rolel. 
cucfullir Rtvusl ud En 




WANNAN'5 MARINE ENaiNEBR'5 QUIDE 

flu lot CstificMCftof Comocif&cy- C«ntJiiniiaL 
. wilb Sunplc, Oeu, ud Cwtki Solulioiu ; 
b lUiutntot Adiveti. ud Verbal C/umiont 

M.ud E. W. 1. WAmuH,''u.l.M.K.'[ 

WANNAN'S MARINE ENQINEER'S POCKET-BOOK. 

CmiuIoue Lueu BoKrd d( Trulie Ruid flind Dun ' 

- ■- c. w« - - 



- - - eoapiat 

A-C WAHHAH.CB-.ConniJlingei 

l^niftond FintOuiMHiiie fngi 

Bdhioo, KnlwEtd. jod pagct. Luge a 



D»tt, SqUM 



a, vuh tbuEab lodeit Icatlkcr 



'i, Bml llfoucblui 



. a/o 



MARINE ENQINES AND STEAM VESSELS. 



oughU Rcviml, «lih MOMoa 



I ELGMBNTARV MARINE eNQINEERINO. 

A UhuI r« Yoast tbhv Knciiwn uid AppmncB. 1 
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CHAIN CABLE5 AND CHAIN5. 

Comprising Sizes and Carves of Links, Studs, &c. Iron for Cables and Chaina, 

Chain Cable and Chain Making, Forming and Welding Unks; Strength oi 

Cables and Chains, Certificates for Cables, Marking Cables. Pnoes of Chain 

Cables and Chains, Historical Notes, Acts of Parliament, Statntory Teats, 

Charges for Testing, List of Manufacturers of Cables, &c., &c. By 

Thomas W. Traill, F.E.R.N., M.Inst.C.E., Elnrtneer-Surveyor*tn'Chief, 

Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments. 

and General Superintendent, Llojrd's Committee on Proving Establishments^ 

With numerous Tables. Illustrations, and Lithographic Drawings. Folio, 

cloth £2 2«. 

" It contains a vast amotint of valuable inibnnatkm. NoChlne fuum i to be wantlag to make it 
a complete and crandarrl work "f w^fm r mtrm nn th^ su*»ject." — Nauticml Mmgasine. 

THE SHIPBUILDING INDUSTRY OF QERiVlANY. 

Compiled and Edited by G. Lkhmann-Frlskowski. With Colonred Prints, 
Art Supplements, and numerous Illastrations throughout the text. Super* 
royal 4to, cloth AV/'tQ/G 

SHIPS AND BOATS. 

By W. Bland. With numerous Illustrations and Models. Tenth Edition. 
Crown 8vo, cloth 1/6 

5HIP5 FOR OCEAN AND RIVER SERVICE, 

Principles of the Construction of. By H. A. Sommerfrldt. Crown 8vo 1 /© 

AN ATLAS OF ENGRAVINGS 

To illustrate the above. Twelve large folding Plates. Royai 4to, cloth 7/6 

NAVAL ARCHITECTURE. 

An Exposition of the Elementary Principles. By J. Peake. Cr. 8vo, 
cloth 3/6 

THE ART AND SCIENCE OF SAILMAKING. 

By Samuel B. Saoi.kk, Practical Sailmaker, late in the employment of 

Messrs. Ratsev and Lapthorne, of Cowes and Oosoort. Second Edition, 

revised and enlarged. Plates. 4to, cloth . \ Just published. Net, 12/6 

" This extremely practical work {^ves a complete education tn all the branches of the manu- 
facture, cutting out, runin^, seaming, and goring. It Ls copinu.ily illustrated, and wiQ form a first- 
rate text-book and jfiiiac." — F»rtrm<mth Tinui 

SAILS AND SAIL-MAKING. 

With nrnuK'liting. and ihr Centre of EfTort of the Sails. Weights and 
Sizes of Ropes ; Masting, Ri>;(iiin^% and Sails of Steam Vessels, &c. By 
R. KiiTiNG, N.A. Crown 8vo, cloth 2/6 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 

Also Tables of Spari^, Rigj^'ing, Blocks; Chain, Wire, and Hemp Ropes, &c., 
relative to every class of vessels. By R. Kipping. Crown 8vo, cloth 2/0 

SEA TERMS. PHRASES. AND WORDS 

(Technical Dictionary of) ased in the Engli.th and Prencb Lanjniages 
(Engli.sh- French, French-English). For the Use of Seamen, Eneineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pirrib, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . . S/O 



" This volume wlQ be highly appreciated by seamen, eni^neers, pUots. shlpbuUden and ship* 
owners. It will be found wonderfully accurate and complete." — Scotsman. 

SAILOR'S SEA BOOK: 

A Rudimentary Treatise on Navigation. By Jamrs Greenwood. B.A. 
With numerous Woodcuts and Coloured Plates. New and Enlarffed 
Edition. By W. H. Rosser. Crown 8vo, cloth .... 2/6 
•• Is perhaps the best and simplest epitome of narigation ever compiled."— /J"^*/!/. 




MARINE £.VG;.V££R/NG. NAVIGATION, i 



ooDinilW. H.Ro>»>: 
for Ihr WMtiu at Am 




MINING, METAl.LURGy. AND 

COLLIERY WORKING. 



THE OIL FIELDS OP RUSSIA AND THE RUSSIAN 

PETROLEUM INDUATRY. 

A fnctlis! KuiJbovlt on the Kxploiahoq, ExplcHlallDn, anii Kmoa^vpmt 
- -• ■ 'mlodint Nolo on ibt OtijiB of Pinuliutt 



Ihe EnroTiut 
Widi namcic 



_- -. _- Wb of P 

le ThoDry and Pmrlice of Liquid I 
•d RflKuUlDauwnoeniinE Kuisiui Oil Prapetlid. 
A.M.I.U E.JutCbiif Eoiiowvid Uwucai^ 
^amiuny'i Riuuvi Oil PrDpcnio, Abonisoapp 
ti* ana Photwruhic PUlek uid m Map ikT IhE 
ro^iy Oil f klX Ruyil Sm, doth. A'./ £3 3«. 



_- of Mi.1. 



I 



I t* Con. Hy W. », Tihkev, rotnieily id ctutrsc oT n 

im Mine, M.lnn. M. ft M. Wuti illunntiani. Medium Iw. 
IXr^'fy Ktiutr. Priix (boat 1 SIB AVr. 

MACHINERV FOR METAU.IFER0U5 MINE5. 

I Pncikal Tietliic fat MiainE Enci-Mcn, MeulluMiiu. ud Muann of 
" - ■■ - 1. U.K., P.G.S. inopp. Wiib FoMln«Pl«t« 

ua Ivo. clo^ . . . . Ntl 38/0 






THE DEEP LEVEL MINES OF THE RAND, 

And Iheii Fuinre Develupmeni. conMdeml froai ihe Commeiciiil twol M v hw. 
By O. A. DuKi k-f JiiIiiukibWe). M. N.e.l.M. E.. Ceniultint En|in-a to 
IbeGnenl Mimnt .nd finjina; ComHilioo. Ud,. of Lucidoq, lledln, Puil. 
mndj.-n^ -. ; :ii:iv lUiutnied wiib Uingniu ind ruldlu Plu*>. 



CHOSBY LOCKWOOD *■ SONS CATALOGUE. 



THE METALLUROV OF QOLD. 

A Pnciic*! TicuiM on Itic UcuUtucii^ Tccuaau of Gatd-buiias Onk. 
Indudiu the AbsAyiaj', Mctline, uta Refinioff at GokL By U, BusLut, 
M.ln.i.fl.M. F\<Ui EJicion, £iUis«i WitG vttt >» tllnimiieni vul 
..... ,_.,. _ . A'«21'0 



M Fsldini PIUH. Hedian 



THE CVANIDE PROCESS OF GOLD EXTRACTION, 

And iu Pnedul Appliouion on ih< WliwUuiiu^ Oold fMO 
By M. EisiLia, Milnu.M.M. Wiib Dia«Tmni> uul Wgi 



DIAMOND ORI LUNG FOR GOLD & OTHER MINBRALS. 

A Pmcliail HsnJboDk on ihc Uk or Median Diuaaad Cbfe DrJUi io Pio- 
idKCUDE uul &Mplai(iDE Miner^-Bcuin? Propulles. Including PAniculan of 
IheCmuof Appuinu and Workiag. Eyn. A.DINHT, M.li.E.lDa.U.E., 
M.lnii.M.M, MnliuniSvo, 16! pp.. wiib Illusmtive Oincnnu . 12/6 

GOLD ASSAYING. 

A Pncliol MuidbDok, nving Ihc Madmi OfrraiJi for tbc Amixle Ai»r of 

Auriferttu Oj-ct nod DiimoD,iiad Ihe ChctnicAl T«fU reijiiircd in tbv Proctsiei 
of Eimction by AtnaleuDUioa. Cwudncion. ^ ' ' 

i^pEDdii of Tiblei unirSuiiida. By H, Jos 



Wlih m. 

..F.I.C„P.C.S.. 
With NnnKmiB 



FIELD TESTING FOR QOLD AND SILVER. 

A Pmclical Msniul (or PtoapmlOT! »nd Minirv By W, H, MmtiTT, 
U.N.K.Inii.M.E.. A.R.S.M., Ac. With Ptaoiaenphic Flues and mfan 
llluliMiDiu. Fop. IvD. lalhn ... . . ^frt B/O 



THE PROSPECTOR'S HANDBOOK. 

Vidiuble Min<^. BrJ. W. AHLWuaoxTM.A.iCuab.). F.^aS. " 
Bdilioa. Small oon flvo. 3/6 clnth : or, Umtbtt . . . . 



THE METALLURGY OF SILVER. 

A Piulicul Tiuliir on lie Anmliunniion, Rnutinc, ud UiivUdin <■( SQva 
Otu. lodudinE (be AiHvinC, MelliDC, ud RefinuiE ofSOrm BullioB. Br 
M. EiMLEi. M.Ium.M.M. F.rtb Edilion. Ckiwd a>o, cloth . 10/B 

" A pncHnl IrauiiB, uu) ■ tecboful wcrk whtcb wb ue uqirlDfvd vlb «ni^ ■ liB l f W L 
*Anl inHiikear p«nk4 id«i. uxI ft tlia wh Tlni« 1w at taIub n flvdnu vd d«h« kndl^cttj' 

THE HYDRO-METALLURGY OF COPPER. 

a Pmccuel Adopted in Ibe Hydro- MtuUurfial TnM- 
, Ont. Indadin; Ibe Manufaaute al Copper Vi ~ ' 

tiaulat on Ibt Si 

lyM. ~ 



of Cupiiferoiu Oiet. Indudini Ibe Man „_ 

1.. c ofSopplyof CoppfTund ihe Rwuioc of Cmipei Orai. 






^M MINING. mRTALLOBGV. 4- COLUBRl WORKING. 23 
^^ THE METALLUROV OP AROBNTIFEROUS LEAD. 

A Psoiol TranJK m ibc SmeJiiac of Silnr-Leul Omand Il» RirficuaE of 
Lad Builion. iDcladtBC Rcpoiu on vukni SdkIdiic Kubliifainau wnA 
Doaipbou i:^ Hnlcm SincllinE raniKBud Pluu In Euidh nod AmEiici. 
Br M. Eistui. M.tiuLM.M. Cn,«n Bvd, elsih . tS/B 

METALUPEROUS MINERALS AND MtNINQ. 

Ht D, C Davics. F.C.S. SUili Edition, thafcDEfalr Riviwl lai mucb 
Enl>rt«I by tiu Sua, K. Hih» Da\-ib, U.S.. F.G.S. «» nt.. -lih \n 
lUBWrukHu Lugt iTuini Sva. dolh A'u 13^6 

EARTHY AND OTHER MINERALS AND AININO. 

Br D. CDavic, P.G.S.. Anitaoc of ■' MeuUifcmiu MiDcnli." Ac. Tbinl 
EditiOD. Rivual ud Knluf ol by hit Son, E. Hoiit Da«h. M.E., F.G.S 
Wim uoui ISO liloanlieai. Cnxn &n. doth ISfB 

BRITISH MINING. 

PA TRUdC oo liic HlHon, Diicorwr, PncUfKJ DevehHmem. ud Fatyjc 
rn-t»» of Meullifnous Mins id Hk Unhed KinnToo. Br ROKBTT 
Hot. f.R.S., lau Kecpti of Minins Racuidt. LJpwinli of 950 g>.. nit 
POCKET-BOOK POR MINERS AND METALLURQISTS. 
CmviiuiE RnJei, raimiilK. Tabls, uid N«a '01 Uh in Field ud OOlci 
WocIl Br F. D«hvbu Fowh, TG-S. M.S. S«aid Ediiioo. Corwtol 

In.Jathct ..,.-. 9J0 

naltanl lu>C U n idaloHj cmpU nl n Uid, iM ovkt Hi Md • !«(■ ub 
ih ipailrlftg finntptana *ihI iBUaiw«iiu«n.~>-^PViH'^*v 

THE MINER'S HANDBOOK. 

A B*BdT Book ol Rd^cncE on iM nbjacn o< MidbkI Db |mJ K, Ukaliit 

Opvmtiofii, Ok Dr^sinc. ftc- For tbe- U^ of StmiEEiu uid oiHn iin««tfl4 

'- "ininc U«i<«. COmpileJ br Joh« Mili.». F.RS.. Pio<™«of MiniM 

■■• - ■ afJ.pM. ThipJKdUipo. Frai).)VD.l«lh« T'B 

IRON ORES of GREAT BRITAIN and IRELAND. 

Ibtif Mode oCOocimenM, A|i uil Oririn, wd Ibc Mcibodi iit Sunktnt Iv 
•nd Wwlunr Tbcm. With 11 Notica •*( •ami of ttas lion Orrt o( S(iun. lu 
J. D. KehdM-l. F.C.S.. MiniiiK Kn|i<i*«. CtdwB !«, doi* . . 18/0 

LMBTALLURCV of IRON. 

' Intni liinarr e' Iro" MumfMtiini, ML-ibadi ef Auit, uid Aiulp** 

lu nttn, Prooixsiu of MiinufaDtun nf tron tnA Slnl. ft! B< 

r, F.CI.S- A.R.S.U. With numafoui llliiMnltonv SUih 

■d utd eaJHTKHL Crown l^vci, cknii , , , , fl/O 

I MINE DRAINAQE. 

A Canplitrc Pnok*] Tnuw «a Dinn-AalB( ITndittnud iimm 
Punvil MaUuiwr- Br STsnow Hicmbu. ShowI KdiiMD, R>,«Hit» 
iM JWvted. Wlib aia Uluuuiau. Rond ■•a. doth Ha 2SJO 

KOWIOMTAI. " 
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_. _ iiv CViuiial BJomiD ' 

iluBlirrmc loi ('mi w Sacowl Clu', Ccrllien Uaiiucn' OmKa 
•i. H.CiKKiH.MnKbaarihi louiiution of l(iniM Rn(iii«i,a 
Cotliery Huun, Lcelum an Cool-MiniiiE *< ShcAiiU VnivwM] 
Wiih tlup ^r^< Bridih D»l-Addt lori onr ns IlliHnllen 'vaailir Di 
Mnd EBC'iTcd r« iIk Work. t4D|Hii», Cn-wn (m, cLhIi . - ttti 



BLECTRICITV AS APPLIED TO MININO. 

TOM. M.In«.C.B., M.I.M.E.. M.I.E.r , li 
imiQE u ID! Yarkibirr Csllege, VklorU Uuiv^>..<. . 
nUicry MxiUf« : G. D. Atl-IIIAl.1. Pah>, 
ue e(tIi«C«i»>lTtchDicalCaUetE.Cil(-'> 
Elei^itiol Bnnneeriu Denmoenl, ^'< - 

jT PmKiH, U.I.U.E., L-. 

. . L«ninT in ihe Mlninl Dtpuonioi "i 

\^ciiitU Univeiuy. Wilb aboot its IliaiDUimt . -. .. 
■ml EnlBgid. Median (TO. ckxh. [/.or /W.v 



THE COLLIERY AlANAQER'S HANDBOOK. 

)mpreh<ii>iv« Trcuite cm tb« L»ytaE>oat tad Workinc of Cr 

■- -" ko(Rde^eDxf()rCoUicTTM■I)■lcal.u1dro^l£tUHaIuw■ 
._ „ _. prepuinE for FirK^lBm Cw tifi ca lr* . By Calh Pauvlt, 

Mining Eneinicr uiil Surreyor : McmbeiDrilw Ndrtb of Eneluid InStinile s( 
HLning uut Mecbuuisl EnffinHn; uid Mmba of lb< SoutL WaJs tnniiaB 
ol Uinine EnEineen. With ovn- i,»o Diunnu, PIuu. unci «ha lUuiirv 
tlcHu. Fifita Riiliaa, Cucrullr RiviKd and Gnatly Knluiid. i,»d on. 
MnJiom Svo, cLoih <V</ £1 Ba. 



IC. MMTALLOltGr. *• OOLUSSr WORXntG. ay 
i ATtO CHEMIfTltV OF MIMNO. 

» p« rf 5i~ > rniT f nfv^ t *• 
^ ai^ ui. u>. vs. WU IDiBDiUiKL Cn-n («9V ibik 

I CALCULATIONS. 

■ ^ ^ SradHD Pi«MM^ fOT tW lunawHi«i for Cdfci) 
■^ C«Tit«Hi 1. e nmw ti l H Xw ith Rtds ud tn^tFi ■■ 
-W.Atar!n,al>l«>«M. B<T.A.O-DiHUMI«.)L&,rkM. 
J i n J LMj l i CaBbTT M«uyr- CrBn»n>,<tek . . »« 

. MCD COAL MINING. 

HiT» W. S<m*i, H.K. P.R^ lt)«tiib KkBa, 
J. T.F<niT«« Bi>»TuCMrf lull IM» at IW Mtem 

BLE OAS AND VAPOUR IN THB AIR 

tlW Dmiliim sd Motanaaa <A Br hunt Cumi, DiSb. Lw*.. 
rO-C WU > Ctemr »■ Tm OnacneH uv Mnumtt'* w r*nB> 
" ■ ~ ~ a,r.lL£.K. CiM»n,de<h.IMB<0 

IGDAL * IRON INDUSTRIES ol the UNITED KINGDOM. 

^H C l rii wt a DaovKa << »■ Cid n^Ai, aid i' lb* Ftinptf Sa^ <' 
^H S^i A^d^ If fK^VHiay : m4 • HioMT of iWc rZ aal pMCw 3 

^KlNINQ TOOLS, 

^^B Haiwlff. Bt V.' MoKu>.L<>ciHn(«»UlBla4*tlk>B>WBiScka«lat 
^^V M^B. Ciu-n s<n. clDife . . _ an 

I -^^i-*'" - - ■ ■ ** 

SLATE AND SLATE QUARRVINa. 

li lliM m . PncOnLand Cf-ft*»l. Bi D. C Dtllts. r.C.S^ HBM 
BMdw, *c UKh iiMi u M lliouwum *id r«t*^ PUmi. P«iE 
WfilMi. Cn«»T«.cliilk ^4 

k nRCT BOOK OF MININO AND QUARRVINO. 

•■ Bt J. a. CoHMt . F.r..&. CRMn»*n.cl«h 1A 

S AND ASBESTIC 

-nib rrtvaUH, OaunKr. vJ Uh. By R«MR B. taw. r.S A. 
MlMtooo. H<>. Uw. A>l»» ClBfc. Km^ UK £^|L Wi* 

GRANITES AND OUR 0RANIT1E INDUSTRIES. 
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MINERAL SURVEYOR AND VALUER'S GUIDE. 

Cooipn^^.i« - Trea.!* on Improve Mining Sur^fying »rul th - " 
Fouctli EdiUun.«nlac«nl ' Crown Gvo, cknh 

TRAVERSE TABLES. 
SUBTERRANEOUS SURVeVINQ. 

B> T. FiKwicx, AIh tbr Mnlhod of CDndfleltog Siibtom 

MINERALOQV, 

RudlN.rius of, Br A. R*Ms*Y, F.G.S. Founh KdHton. I 

PUl«, Crown 8vn,dmh a/B 

PHYSICAL QEOLOaV, 

Purrl]! bullion MajDr^Gdner^ PoiiTi.ac('ft " RodlinEiiB d Gcolagr " Bf 
R»i.pbTatk. A.L.S,, fce. Woodcuu. Cranto Kro, cloib . , . 2/6 

HISTORICAL OEOLOOY, 

Pacilf bawl un Mijur-Gniun 
T*iR. Cfovi-ii Svo. dolh 

QEOLOOV, 

Physical and HisTomejiL. ConsisUn* of- 'Pbyrital Gro,_„. 

forib ihe Leading Pri<icip1« of ihc Scisncc : aiul " HI>ionnl Cnlof 
wbich trMti of Iho Mineral and Orgiule CnmJlIlons of (lie Ranli at 
suctosilvE epoch. By R. T«ik. Crot-n H*o, cloih . , , , 

ELECTRICITY. ELECTRICAL 
ENGINEERING. ETC. 
THE ELEMENTS OF ELECTRICAL ENQINEERINQ. 

A Fir« V™->Coiir«for5ludMU. By Tvmw Siwn.L. A.r E E.. A=U« 

RcKoii Sireei. Londan, Third Edhion, Ksvwd u^, ' ^ ' ,:n':i- .^' 

Appendljt of (^ueAiwu uid Aniwen. 460 pa^et, H'"i I ' -' ^ i "^1 





ELECTRICITY A5 APPLIBD TO AltNINa 

BrABKiu- Lorroif, U.lnBC.E., M.I.M.E.. M.l.KK., Iiu Prarvar af 
Coal Hifliat ■( ifac Vnriu^ura CoUeeflj VictcrU Univnnty, Mintne EAtioeer 
■nd CtUiay Mvigs: G D. AsriN^u. ?«■■. M.I.E B., aViSiK., 
AaodUc of ibf Cenml Tfchnical Colleic, Qcy und Gaildi ol London, Hud 
of tb* Elcarie^ Enviimruic Dfpanmcni. Voiluhin Collsic. Viclotii 
Cninviy: JUid HiHinT PraiiH. M.t.M E.. CcrtlfLcucd Conioy Mmigei. 
Aiuunl LiKiDici in ihr MininE Dcpnrinenl of ttit Voriuhin Collrcr, 
Victont UnJosatT. Wiih ibaBi 17a llfiutnuani Smnil Ediuon. Revunj 
■»IEnlus&t. UhUuh gn>, clolh. i/ml Pt^liiiiJ. .Vr<12/0 

ELECTRIC-WIRING, DIAGRAMS & SWITCH -BOARDS. 

the Thcoij UHt Daign of VTbinjf Cinrniti A Pracdctl Gnidi kt 

^-~' Knuucns. Arclji£BCU» and olben iaIAnicd in ihc 

rulllumiDuionuid, 



IE.S., InvmacTDf [□ Electncmi a^n 
SchODL Wiih taj tllDitmioiii. 1 



n Svo, <rl«h. 



i (U.S.) T«hukJ 



CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Mutiuli *n<l MinufictuiE, The Calalalion at Cinrniu, Piile-IJ-M 
ConMniclian, Undinrguiid Woikine, ux) oihs Uml By F. A.C. PutiHB. 



■DT fif Rl«ciri^ Kn^iDccrlDI 



.AVOr eCOWIHT IK CaiDtTCrDKS— MutTIPLB Ale IllSTHIIiinTON-AlTIIllIIATIHC 
CVKOSn OUjOIUTIOII-OVBIlHIUll I.IHBS— ran LIHE— LIHB IHVLATOU—UHDBIU 
QMMniD COHDUCTIWl. 

DYNAMO ELECTRIC MACHINERY: lb CON5TRUC. 

TION, DESIQN. aad OPERATION. 

B} Sauuil Shsldoh, A.m., Ph.D., Prolamr of Ph 7110 and Eliclneal Bdll- 

DBriDg u ihc PuJytectiiiic latliuiu of BttxMya. usiud by H. Masoh, b!s. 

fK /Dd voJvmu, iot4 utataUly, as toUovi:— 

Vol. I.— DIRECT CURRENT MACHINES. Tifth Edilloa, Ra«ucd. 

VoL 11.— ALTERNATING CURRENT MACHINES. Luccch 

(-g«,. wLtb .«. Illu«nli™ .V«12t0 

"-■It- ■ n Tsit book! 101 m Ln Tichnlcil 'EduuUUBI JmUHHtooL l ad ly Tmh—i 

DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

POK ELECTKICAL eNaiNP.ERS. 

A Pnclical Biidk doliDE wilh iDe lubjcci d( Dinxi, Alurnaung uid Poly. 
plwK CuxcuiL By Wiit!.rw K, Bc.»K.», CE.. M.E., K.E., OmuliiDi 
Tnaim Ensinor. 9>u. rbtl, . IfH 6/0 
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^kRMATURE WIMM\()S i>i iiEKHCT CURRENT DVNAMOS. 

".xUfuias ud AiiplKin i. ■■( . 1.- Windbi Rule. B» E. AtwoLO. 

'nulUul hom the (.Fininji uy h . r.. Dk Gum. Ivs. cl«b . Nil I3/O 

^WER TRANSMITTED BY ELECTRICITY, 

Asd iipplKd by the Elmcic Mslor, inclndint Elecrric Riilaiy Ciinslniaioa. 
R* P. Atkinson. A.M.. Pb.D. Ttiiid Edilim, Fully Revued. ud Kn 
Uuts added. Wiih »4 I»>i»i«i°u. Cravn Xo. ei«u . ^;M Bio 



MANAGEMENT OP DYNAMOS. 

oka la the Uh oT 
DynulKH. Hy G- V 



A FliDdybsoli of Thunr did 
Sudtnu. Hul (Khen >n Ch«T< 
TbiM Kdilioa, Knixd. Croi 
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SPeCIPtCATI0N5 FOR PRACTICAL ARCHrTECTURE. 

\ Giudc R> the ArchilfCl* HnEineei. SurvFTW- ■ml SaAJn, V^nb \ii 

oflhcWorilhTA. Bi.TMOLO««. H.™b1, W Rno*"- Sro-fLl-lli ISQf 

SCIENCE OF BtltDING: 

An Eleniimiirj Treutsc un Ike Prloelplei al Coiuwiutlop. Bj B- Wth 
•OH Tm. M.A. Loncl. FmirOi EdUlmi. CntoD Sni. elolb 

ART OP BUILDING. 

i"!;:d]Tiir-nit ni. Ceneial Pilnclplra o( Conftraellon, Ctiiiicla. Stnmctt 

.1. I 1' t -A \ ■::•.■ T'lP^iuntlsn s( SpKlfieilloBi *ad EulnuH^fti 

II. I ' !■ ■ ■ ■ -■ Mlii.i.CE. Fiftnnmh Edlil>H>. retlHd bj I- P 

I ling CdiuiiiiciUiii ni (lie Puituin Cadi«c^r- 

BOOK UN lU'lLDINU, 

I. I.lljnil Eccle'liiiical. Bj Sit EoKUWl BkCUTT.BUI.. LL.O. 
EJlilon. Crewn Svo. elolh ^ . . . 

BUILDING ESTATES: 

.^ T"-i" •" ^~. iS; I'rvrlopmeni, S«le, Puretu**, muI MmuFiiinn *^ 
1: ' ' - I . <i L > I ^isiTLinn. Paurtli EdJIon. Crown tvcelatli 2/0 

COTI AMI. lU ll.r-IN<i. 

I.. T»-Plfih EdlUon. wUb Chuiuc o 

I . . ' u, K. B. Allek, C.E. CtDwuaveacli 

DWi;,l.l IMi flMl MIS. 

J : ' <i l<, a PmytaXwi View, Pkm. eimailoiw. ■ 

"•<:.' ' < I' 11 ( '< illis wiihtlic SpHtflcallDn,QuHiiltli!s.*iiil KiHi-- 
By S H. liMLin.5. Liown 8V0| eloili . . . 

FARM BUILDINOSi 

Tbeli AmnKenieRi >tid Constiuellon, wllb PIuisimmI EulnuUB. Bv *t 
(eisor J, Sroti. Crown ivo, cloth ... " 

SHORINQ, 

Anil It! Appllaatlon. Df G. K. Blaobovm. Croini no. oT<i€|| . 

ARCHES, PIER5, BUTTRESSES. 

Bv WiM.T.M BL«»f>. CrowoBvo.elolli 

PRACTTCAL BRICKLAVINQ. 

Gi^ni'r.11 FhnciplEs oF BhekliiytuM; ; Arch DnwlDC Cultliw, wmI S 
t;jlmiMii^ F;;vi"e, Tlilni(.*e. Bjr Ad*u Ha-hokd. WUhM 

ART OF PRACTICAL BRICK-CUTTING AND SETTtNCI 

lly Kr-m HtHHOHD. WXh go Engnvlngs. Cnt»n8vo ' ~ 

BRICKWORK ! 

tiiib<Mlym«tli.>i;cntr,.l,inii Higher PriiMUpiMnC Bnokliving, Cnltliw^ 
>' ' '' ' . iiiciiiDn of UfwmMry l« Ru>f luuig, An. th ■ 

BRICK/- Wli i II. I ,>. 

1^1 1' I I I II ilin UanofactarB of. Cmil:Uflinf «l O 

ih,. k .,„.,-,.„= -M U:^.,,„^ing. Ilv£. DoBSOH, MR.1.B.A. '■" 
C. To«LrM^"M, l''.K S. ItluAtrutM, Crown ^o. cloth . 




AnCBITECTURE. BUILDING, &t. 



PRACTICAL BRICK AND TILB BOOK. 



hirr^m 



R.CE-: Pruilul 



and SFlllng. by A. Hahuc 
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PRACTICAL MASONRY. 

A Gnidi Id Ibe Ait of Stooc Cutting- Cotqpruinf the Canatmction, Scitlat- 
Odt. ttid Working af StKin, Cinndaj Work, Airh«, Nicbti, Dooia, Poidvo- 
■i<a, VuJis. Traocrv Windain, Ac : lo which iin uided SutnleinEnli 
_i..i„. .„ «, fcn,m.ijn|j and QumiLi). Sutvcying, nml la iluildiDg 

. and ■ GioMnry ol T«ms, For the U« of SlDduiU. 

n«i. By W. K, PuiKHAic. Building Inpccior tc tl» 






PUta. csmpiuing . 
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Ukiv la MHD II b ■HiUi' ■iMi— ], -—yt-rtml u Ou Ktyl ftma 

MASONRY AND STONECUTTINa, 

Thr Prln=h.l« of MKonIc Ptojcdllon, .nd lh<-ir A| 
Uph. BjE. Dobsob, M.R.l.B.A. Crown Bvo. clol 

MODERN LIOHTNINO CONDUCTORS. 

,n llluMraled Supplimenl to ihe Report of Ibe Mghlnldg Bsearch Com' 
iliiM at im. with Noici u to <bc H«be<li at Praicciioo. and SjwcUicii- 
lOTU. Br KiLMHOWoiiTn HiDCKS. M.Init.C.E., M.I.E.E., Hononcr 

itCHi Rdlwari." Uedlnm 8vo. cJoIb. Ijiut Publish^. N^ 6/6 



, MODERN PLUMBINO. ATEAM AND HOT WATER 

' NEATINQ. 

A Work fa tba Ploniba, tba Healing ltagin>«i, tbc Arcbilcet. aod thi Buiklcc. 
ByJ.J.LAWLu. With 1I4 llluuniiau. tw.cUnb . Jfil 311- 

' PLUMBING: 

A T«il-Booli 10 the Piuiice of ihc An or Craft of the Plunib«, With 
ChiiMTn u|<t>n HuuM DnUiagc nixl VFiiIlladon. By Wu. Patoh Bucnav. 



I THE PRACTICAL PLASTERER: 






.1 PUalor Work. By W. Kciif 



[ CONCRETE : ITS NATURE AND USES. 

A Bosk for Architects, Beilden. ConirMDH. and CIttki of Wetka. Br 
G. L Sdtci itfi. A.K.I. B.A. SkdocI (l^iiioD. RenKd and K.nlargwl. lat 
pp., villi lUiuuuiooi. Ciown 1*0, cMh. L/*" f'tJi'ttJ. Ati B'O 
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CROSBY LOCKWOOD «■ SONS CAJALOGaS. 



SANITATION AND WATER SUPPLY. 



THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide IB Soniiiry Piaclict uid Low. Ft* Medicnl OScEn of Mulih, 
Saniiuy Impecion, Membst of SanrlArr AulhonlH. he- B^ KOWAUI 
T. WrtLODGKBT, M.D. (LoDd.), ftc SccodU (Uiiion, RcvLw] and Ealvnd. 
FcmlSvo. Icilbcr AVc 10/8 



THE WATER 5UPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORIU, 

By Piowsoit W. K. BuKToN. VM.lmi.C-E. Second Ediii. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiLLiAH HcMHEi. A.M.liuI.C.E., u>d M.Inu.U.E Imp. 4to. half. 
hound moracco. (S«[oet!:.t iVi-i £8 Bs. 

WATER AND ITS PURIFICATION. 

A Hudbodk for ihr Uh of Local Aalhcntlits. Sviiuir OtSiait, Mad otben 
inienstcd in Wiir Supply. Br S. Ridiul, D.Sc. Land.. F.I.C Stcr-' 

Edition, Reviled, wlOi Aaailionj, includhie nunurou lUa>imioi;< and T>b 

lj.rEeCrawu8.o,cl«h .A^.f S/O , 

RURAL WATER SUPPLY. 

A Piulicil Hanilbook on Iht Supply of Woier ud CoimnciiDn of WiUf 1 
worlu for Small Countrr DiiuicU. By Alljih GiiKIHiriLL. A.M.I. C.KL, J 
indW. T. CuiiHi. A.M.I.C.E. Roiled Editioo. Crown Bvn, dotb sToJ 

WATER ENQINEERINO. 

A fruliul T>«liie on Lh< Mcuuremeul, Slonge. Con' 
lioqofWmettoi.heSupplyodowni. ByCSt*— • 

THE PURIFICATION OF SEWAQE. 



Acconnl of the ScieniiAc Prlnci|du of Scwuc 
1 Applini.ion, By SiDNm Binwreii, M.D. (Lond-l 
M.K.C.S., D. P.E^ ICunb.). F<lIoi> of the Sjiuiuir Iniiimic. Medical 




E, A.M.lim.C.K. 7ja" 




CASPBKTRT, TIMBSB, &.-. 



CARPENTRY, TIMBER, ETC. 
PRACTICAL FORESTRY. 

e Caltetn of I 



KtviinL Orown B< 



WOODWORKINO MACHINERY. 

lu Rite, Ptdckh, ind ConminiaB. With Hlnu on the Maimce 

UilltiDdthcEcaiomicslCoDvenioa of Timbs, IJ)u<imBl <nih K»mpl« 
of K««nt D«JEnK bv leBdine Kngliih, Frencb. mud Auericvi EaeirKcrv Br 
U. Powu B«iji, M.IDH.C.K., M.l.Mich.E. SkdihI EditUu, RoLwl, 
vilta Lktee Atiditioiu, large ^own Bvo, 440 pp., dolb .... SiQ 

SAW MILLS. 

Tlidi Anmienient ind MniueRneni, ud Ibt ScanDnidi] Cnnnnian at 

UfM. Powit Bali, M.IulCK. M.l.Mtch.E. Thiiil Edilwn, 

f- . 1..1. ^ 10/6 
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Rcviwd. CfowD Ito, cJolb. . 
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THB ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Tmuh OB ibe Piecmie ud KqnilibiiiiBi orTimbs Fnniin£, the Raiium 
at Timber, and <b« Conmuciion of Floon, Anbo, BridEn, Rocfi. t.^niiii 
InnudEWnewilhTinibR.lic. To whiOi » *dded w lUHy on ifl< Nun 
ajuA PMwruei of Timbei. Ac, wjtbi DencfiuianH o( the kinds <*f VacM im 
hi BniJdiDC ; UiB DUmemiu T*Met o( U» StulUnil or TiinlKT fur dlfeie... 
nipiiKi. iDeSpBdficGnvideiaf Mueriak. Ac By Thuhw latuwuD. C.K. 
Will) » Appendta of Spednwiu at Vviaot Roob of lino ind SLone. llliu. 
'ench Editiufl. charoDEbly Rcviied uid atjimtmt^hly KnLuBed bf 

« . .-.,._ ^ ,.^. c „( buitMnt.'' *.£. 

Icuu. la Dim Iwfi 



I Tutu, M.A., Aotbor of "Tbe Siieace g 



THB CARPENTER'S QUIDB. 

Of, Bsok of Linet for Citpeciten ; oaniirldnf 
tivDIut for Kc^uinni * knowlftlge ot Cupenif f. 
KKWuiHsiUHlanl wwk. A No Ediiiun, I 
P.S-A. Toi«lia viih l-naiai Ralci « : 

CARPENTRY AND JOlNFttV 



h itw fortfaini bec^ 
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ROOF CARPENTRY: 

Practical Lessons in the Framing of Wood Roofs. For the use of Working 
Carpenters. By Geo. Collings. Crown 8vo, cloth .... 2/0 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Fourth Edition. Crown 8vo, cloth . . 2/6 
" Cheap in price, clear in dcfini'ion, and pritctical in the examples selected."— Bnt/der. 

HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

On the .Square-Cot Sy»iem. By J. S. Goldthosp, Teacher of Geometry 
and Building Construction at the Halifax Mechanics' Institute. With Kisbt 
Plates and over 150 Practical Exercises. 4(0, cioih .... S/6 



" Likely to be of considerable value to joUMn and oeben who take a pcfde in food 

The arrangement of the t>ook is cacelleat. wa iMBaitfly conunend It to tea chew and Kudonts.' — ' 

PRACTICAL TREATISE ON HANDRAILINQ: 

Showing New and Simple Methods. By Gko. Collings. Third Edition, 
including a Treatise on Stairbuilding. Crown 8vo, cloth . . . 2/6 
"Of practical utility in the execution of this difficult bmnch of joincrj'."— ^«i/rflfr. 

THE CABINET-MAKER'S QUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Ricmakd \\\ I MEAL). Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth 2/0 

THE JOINTS MADE AND USED BY BUILDERS. 

By W. J. Christy. With i6<d Woodcuts. Crown 8vo, cloth . . 3/0 
"The work is deserving of h\^\\ comiiiciulation." — Bttildfr. 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDHR'5 STANDARD OUIDE. 

By K. E. Gkani>y. Crown 8vo, doth 2/0 

" Everythinj; it iirciends to Iw : l-iiilt up jf r.uluallv, it leads one from a forest to a treenail, uiul 
throws in, as a niakcweitjlit, a host of niaicrial contcrnini; bricks, coiuuins, cisterns, Arc. ' — i-.Uj^tisk 
Mechanic. 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weisht and Measure 

ment of Deals and Battens, of all sizes, and other Useful Tables for the use cf 

Timber Merchants and Huilders. By William Dowsing. Fifth Edition. 

Revised and Corrected. Crown 8vo, cloth 3/0 

" We are gUd to see a fourth edition of these admirable taUes, which for conectness and 
■ImpUclty of arrangement leave nothing to be desired."— Ttm^r Tra^Us y<eumai, 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c., 

comprising useful Tables for all purposes connected with the Timber Trade, 

Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 

Timber, &c. By W. Richardson, becond Edition. Fcap. 8vo, cloth . 8/6 

" This handy manual contains much valuable Information for the use of tlmlwr meichants, 
builders, (oresieni. and all others cormected with the growth, sale, and manufacture of timber."—' 
yournai e/ Fortstry. 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packtng-Cases, from six 

inches square and upwards. By W. Richardson, Timber Broker. Fourth 

Edition. Oblong 4to. cloth ......... 3/6 

" Invaluable Ul>our-viving tMie\." —It'onmoH^t^. 
"Will save much labour and calculation."— Gr«vrr. 

QUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to'200 inches in length, by 1 to io8 inches in breadth. 
For the use of Architects, Survt-yors, Engineers, Timber Merchants, 
Builders, &c. By J. Hawkings. Fifth Edition. Crown 8vo, cloth . 3/6 



of su 



"These tabUs will be found of great a*sUtancc to all who require to make calculatkms 
perficlal measurement."— £'y/A'/fxA Mechanic. 



DECOHATIVE ASTS. «<. 



DECORATIVE ARTS, ETC. 



SCHOOL OF PAINTING FOR THE IMITATION OP 



,ND MARBLES. 



■ Bunr. and P. Van 



ILIiuuutd with 14 fuU-iuc < 
tn fifoia,. Fmnta Editii 












F*e»r. Ct. Sio, eloih S/O 

PRACTICAL HOUSE DECORATION. 

ApannunU. uid Ilia Hlnclplu of IVrorailva l)«len. Ujr JauBi 



MonofTiuii*. CicMBu. 8tc-. (at iM 
antrann, oimn, hi., he Cullni 



ID.) Kiii»vHl by T. IMi. 
oipH K<luK>>i. kortS tira 



SJ& 
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MODERN ALPHABETS, PLAIN AND ORNAMENTAL..^ 

Iddadinf Gcnnan, Old E^iiifa, Svlxoo. lulic, Pmntii^v. Gnck, Hebmi 
■■ ' ~ mine, Tutcu. Rihiuid, Golhk, Rnuk, 



z, ami AnbcKTti«; 



«lthKVenJ Wfliul Daa^na, at . _._ __, 

AlpbaboQ, bjXB uid nutJl^ >Qd NmnerJlL (or It» fue of DrmufbisiiiBi. 
SurvBmn. Uusm, Decdnlive Punlen. liuuscnphcn, Knf^BTerv Cv^vn, 
Ac CollBcLcd ud EngiAiftil hr F- Dvlahottk, aad pfibKd in CoIodjk. 
N(« and Che>p« Edilicin. Rorsl Ivo, obluni, urnmmnu] b> 



MEDIEVAL ALPHABETS AND INITIALS. 

By V. (i. DiLAUnmc. Conuinina >i Pluei uu) IllaniiniUHj Tillc prtnud I 
in Gold unl CdIduei. Wltb an Inlroduclioo by J. Willis Bbddk« FiU ■ 
_ Kdliion. 5mM ..o. «i..n.™«l b™d. . . . . ^ ,«^'^''/ f?-'-"*! 

A PRIMER OF THE ART OF ILLUMINATION. 

For ihc Uw dT Bi^einnen: with > Kudliacnluy TiruiK oa lb> An, Prmaia^^ 
Uiieclioni fai its EiETciK. Ind Kiimpln uken ttam llluininUHl MSSi.fl 
ninied in Gold ud Cnlouii. By F. DwlAvom. Hew uiij CiwuKrl 
Sdiiioa. Sniill I'o, oniiiucnulbaanU fi/Q ' 

THE EMBROIDERER'S BOOK OP DESION. 

CootviniiiE Inituti. EmUvnu, Crpbcn, MonDgmnc, Ot n am pnia l Bordcni 
EcclEBudcil DciiCEi, MnliBvaT ud Msdcm Aliitiabru, and tiuioul 
Emblems. CullecKd liy F. Dki^hottk, moA primed io Colson. Oblcu 
royal In, orDuiEDtal wrapper .%>/ 3JQ 

MARBLE DECORATION 

And ths Tominalogy •>( Briiiih wul Ponieti MuMb. A HudbaiA IL— 

=-. ..... ^..^ ,. „ - "-- -•■■SburincMid to Appliija 



THE DECORATOR'S ASSISTANT. 

Modern Guide for I>«oraii« Artiiu aP' 

...Jeri. kc Contalnini np«uil> sf 6c» REceipu, Kiilei, and Iiinnual<»9 
rith 1 nrieiy of InformuiaD fw Genotil Work conMcied wlih ewr- "- * 
nleriaraD>I£iiuiarI>MianiuHU,&c Ei|{tiili Edtlion, Cr.Sn 





ORAMMAR DP COLOURING. 

Ap|i!lrd to Decora Kvr Paintlna and Ihe Ant. Bi G. Fi«iJ>, N«w R 
raUigtA bf E. A- DtvIMOK. M'llh Corourrd PUlu. CrowB tvo, doA 

ART OP LETTER PAINTING MADE EASY. 

BjJ.G.BiDtHOcii. WI(bi>fiil)|w«oEngT3V<netorEui>ipt«*.Cc.8Mlj||| 



DECORATIVE ARTS. *c. 
PAINTINO POPULARLY EXPLAINED. 

At Tkuiiak Joho QvixKi. Miiler, aud Johh Tihiii, P.S.A. Ideludlna 
Fraeo, Oil. Moalc, Wnwr Colour, Wucr-GUu. T«rn»ra, IMuntiic. 
WnantCF. PiWtlng oii Ivonr, Vellnoi, PoUtn, ISniiDcl, Glut, Ac. Sliih 
SdHlan. Crawn >*a, doih (/O 

•.■ ^^plKl Al U frill ffM* ,If .Siju/fc A-*M(IH<0II. 

GLASS STAINING. AND I'MMIMi un ULASS. 

I'romthcGwtn.nuf Dr.'.i- i .. t .r, PnoMMiio, Wllh 

»a AppinJlj on Ths An of ]....■., ■. -.u.clulll , . 9.0 

WOOD-CARVINa FOR AMAIbUKS. 

WUb HinB « Daita. lit A Laui. Wiili .a p1»h. N«r Mill Ckmw 
Kditioc Cr^wn Avo^ in cmbtGnuih: wrapper ...... iiQ 

NATURAL SCIENCE, ETC. 
THE VISIBLE UNIVERSE. 

Ouplcn on Ibe Orinn uid Caiutnictlnii of ibe Hhwii, Ity J. E. Oona, 
r.R.A.S.. Author oT'^'Suu Oroup>."&c. lUuniutd by « Sullw ri>«u(iuilH 
UdiaPlun. Dcmf Sni, dath 10^0 

STAR ROUPS. 

A Sindcni'i Goidt to ibr C»auitUuirini. tty J. Ki.i.itsn Unni. r.R.A.a., 
H.R.I.A., it, AmW of "Tl.t VWW. Uiil«r»," "Tb* Satitit «l iba 
HcsRiit,' &E. With JO M*pL SbibII (ID, clolb t/0 

AN ASTRONOMICAL QLOSSARV. 

Or, Dietiaeanr of Tbdii owd in Amanoinr. Mlb Tabbi g| D«l* »J IJil 
el Kunuk^lE ud IntaeiliiiE CcImuI OblKU. Uf J. Kl4AIII> (ii'IB, 
r.R.A.S., Auibsi o< " T1i( Viilbli UnintH. ' fee. KnitJi cmB tn. iIiHk. 

ASTRONOMY. 

By itae Iiie Rn. R. Main. H.A.. F.R.& Third Edliloii, ivilMd li* 
Wit.l.i*iiTMV«»tLirNK,8.A.,l'.R.A.S. Crown Hvo, cloth . 0^ 

THE MICROSCOPE. 

lu Conumctlon uhI Miin>(tni«i. IsclDdlni Tachnliiiir, PkMo-nlMiittoiAiri 
and tba Put and Finnic ii< ibc Mkrowpt. By I>i, Hckii tab llauMH. 
Rc-Ediud and AunnFDted r.om ih* r«iiib Kirnsh Kdlilun, «n.l Ti>i»lu*4 
t.y WvHi.. t l;..Ttv. ir.s l,„p lra,cl<Hh .... 10/O 

MANl'AI uf : !; .. ! I . .a: 

^ 1^7 Dr. & P. WoaawoH, A.LS. 

KC.S. Wllh iiuiiiuaiit Phim 

• /_ ■ ■ ■ • T/e 

THE TWIN KlitOKDS OF CRHATION. 

B,G.W.V. L^Vaul l.<,.d«b Bin 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OF MECHANICS. 

Kaluicd vul R-wniun by II Uje-i, t K.A S. r.-il Im, <:l«b . BO 

HANDBOOK OFHYDROSTATICS AND PNEUMATICS. 

Rinun! aad Knlui*<l by B. Uirv*. r.H.A-S, I-UM tn, iJoIll . O'O 

HANDBOOK OF HEAT. 

BiUud vul ikwtiuai br B- U«wi. P.R.A.S. Pi-> >«>. ct«)i 



CSOSBT LOCSWOOD *■ SONS CATALOGUE, 

LARDNER'S HANDBOOKS OP SClENCE-«->ir>»Mci. 
HANDBOOK OF OPTICS. 

Ne-ediliun. Kdiitdb;T.OLv»IlAi1iim.B.A. SniEd Sn, drub SiO 1 

EteCTRICITV, MAONETISM. AND ACOUSTICS. 

Kditcd bi Gio. C rmru. R.A. 5n>iU »va, doUi .... 6rO ] 

HANDBOOK OF ASTRONOMY. 

Rcviicd ind EdiieJ bf Edoih Duhiih. F.R.A.S. In, ti 

MU5BUM OF SCIENCE AND ART. 

Wiihupoiudisf i,iooEnar>vi[<gv liiSi<DDiit<liValaina.ei Is. Ck>Th, I 

«i.jt.B™o«o El II.. r ■ 

NATURAL PHILOSOPHY FOR SCHOOLS . . i 

ANIMAL PHYSIOLOaV FOR SCHOOLS . S 
THE ELECTRIC TELEORAPH. 

ReviHd bT E- 8. BiiDHT, r.K.A.S- fop. tvo, cloib ! 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



■i ProptTliei, includiof 



including Nolu on Ihe Oiiiln of 
KuuU, a DaQJpliuri of Ih< Tbc^y iiid Pmclica of Liquid 
Tnnilalion of Ibt Kula und Krculaiioni concernin* RuiiLiin O 
BrA.BK»yTHDHnaii,A.l,I.I.M.iC..l>b^Ch»rKi»ii«ri>ndU 
EuitipeAn PAtroleHoi Coalpit's KuuUn C^l Prgpertici, About 



IILS AND ALLIED SUBSTANCES. , 

.' »'.» , B.Sc.LoikJ., ronuerlr Aiuttul Ik.\ 
• ■: Co]leR«. l«Ji, and Lecniiu in Cbeiaiun 



A HANDVBOOK FOR BREWERS. 

ReioE ■ P'leucsl Guide lo the Alt of Uieving 
CondutioM of Moilom Kewnrch •.hitb bmr I 



iUfiE. Rmhmdiu Ui 
; PuKlic. of Br • 
on. iuJjtisvd. 4 



A POCKBT-UUOK OF MENSURATION AND OAUaiNa.| 

.ill! Meichnnli fic. " _.,... ' - 







CHEMICAL MAHUPACTURES. CHEUISTBY. **, 4} 



n E. r.iiH. M.E. 



eNaiNEERINQ CHEMISTRY. 

A Pnciicul TicuiM fiH tilt Um at Aulylinl 
MMIeiL Iron FoiiifciJm,Siudeni" — -■ -■' — - '^— 
«nij VmlnMiDD of the PrinciplJ 
DUQrtrDU Aqitr**^ ILianipUs And Suue 
r.l.C^ F.CS. Xkiid Ediaan. Renxd > 
*llh PlUH ud 



,. jfMvtiuidaotAamij^ 

ipiJ MaihihU u>«d ip EnEio«eFini Work, witli 

- —■ -^ ■■— Uf H. j"*H«A PH.LtJ». 

I«d. Clown gvo, 4" pp., 

. . . ff" lOrs 



^»^l^, 



NITRO-EXPLOSIVES. 

of Niin'ud Subflipco. inclDdii 
C^luJoid. QyP.GuALoSAHFt 
Powder Campuir, Llmiled. Sic, 






» Pmpetils. MuiuIkii 
ihc FulnilniiB, Smokdi 
),P.l.C.,CDiui>)unjtChei 
'lib lUuHTUiofis. Don 



c, uid Anlyili 
I PcM*d«n, and 
a to the Coiion 
•o.dwb. 8JO 



snsut^sS^ 



A HANDBOOK ON MODERN EXPLOSIVES. 



A Pnui^cil TnUiK OL 

Niuo^lTCoiiH tad afbtt KipJi 



Uh at Dyiuuniie, Cun- 



NiLro<OlTGaiii«iutd ouht Kvplovva Compogod^ iDdndini CoUadJaD^Cottoa. 
With Chuun n Kiplw«i in PwOol Applicuion. Br M. Kiuu t. M.K. 
Sacond KaiLioo. Bnluftd. Crovn Sni cknh IS'tt 



IPS. F.l.C. F.C.S, Oo* 



lomce uid Tranipiin Wixb Ndui 
- '- - \ Guide lor Ihi Uw ol 
iKt>, &c. Uy H. JosHu.) 



THE Bl-OWPIPn tN CHR.MISTRV, MINrRAl OOV, Etc. 



CROSBY LOCKWOOD *■ SON'S CATALOGOB. 
THE MANUAL OF COLOURS AND DYE-WARE5. 

F«'lli. V^ollii-^. PriDKri! Dales' Bro£^'ae."'By J. W, 
SccDwlEililioo. RivutdMilgieulT EoIiTEMl, Croim ■ '"■- 



UB^^^^^\ 



cloib . 7'a 



THE ARTI5T5' MANUAL OP PIOMENTS. 

SboirinE tbdr Cnmpouiian, CDndEiioDi of Fcrmuvncr. Non-PFnntnaicv. hi4 
Adnlurmlion., &t. wilh Tasu of Pniitr- Br H. C SlAHluCB. Thlrf 



INDUSTRIAL ARTS, TRADES. AND 
MANUFACTURES. 




THE ART OP 50AP-MAKINa. 

A PtKlksl Huidbsok af Ihe Muufaciure of Hiud und Sufi i.. 
5ai|K. &c InJuiIini mti\y No Prwmei, and a Chapiei ui Ibe Ri 
Glyctrine lion WkK l^n. B* Ai.lIAMJKB WatT. Si.lh Sr 
iacluUiDK u Appenitii oii Modern CxndktniJiInf . Ciewa 8>a. cklli 
"AOnfTiMUr p»tEiu]ir*Kta&- WcntisTMBliuibamwhHaB " 
to HI • nld Id Bni^ Hchalnl Umtiirt."— lAnm 

PRACTICAL PAPER-MAKINQ. 

A Muin] (or PmpEi-Mi 



THE ART OP PAPER-MAKING. 
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HE CULTIVATION AND PREPARATION OF PARA 

KUBBBR. 

Br W. H. JoiiHEON, F.L.S., r R.H.S., Dvcctor oT Atriculiuir, Gdd Caul 
Culonr. We<t Afiio, CemmiinaiKd by GaveniBicnl 'm igoi » vuit Ceylon 1° 
Sindy ibe Uethadi enplayed ihire ia [he Culilniiiiiii ind Prepuation of 
Pdia Kulili'^i anil Dihcr AeuciiliuTjl St.iplci roi Market, «ilh > iritwia Inlro- 



FRtlBBBR HAND STAMPS 



<n of Rubin. A Piac^tatl Tis 



Sixckll 



i. By T. O'CoHoa Sloini, A 



[ PRACTICAL TANNING. 

A Hawlboakor MuderD Prnen 






1 5ugE<^>>™H '« >l>e Tnuac 



t MANUFACTURE. 






and KntuEcd. 



\ COTTON MANUFACTURE. 

' A Hwiul o( Pncliol Inwuction of Uib 

Csiabini. Dfawing, DooUinc uid Spinnii 
Dyeinc, fto Fa Iht Uh of Opaiui'- - ' 



By John 



fxtva tf OiieuinA, Cbdinc, 
oT Cm>«i, ihe Matboib ol 
Bilcfokert, and V 



r, pBDdLelqn. Int. cloih 



tWATCH REPAIRING. CLEANING. AND ADJUSTING. 

" A Pnctiol UinJlMMk ituiling with Ibc Miitemli uiit Tooli UkiI, uh] Ihe 

UMbodi of Heuirinc, Clconinp. Alining, and AdjuKinji nil khid> of Enslbb 
ud Foieieii Wnichet. KeHicen. Oitonogcipht and Msrinc Chronomeitn, 
Bt F. J. GiMmAnn. Sprinter >nd Adju.ie. of birine Chfonameieii tnJ Deck 
Waldi« rw Uic Adniilllr. Willi onr tm lLlufl>uivi!L Crvim Bvg, cUill,. 

hlODERN HOROLOQV, IN THEORY AND PRACHCE. 

TnIulU>irrui»llMFltiKtiofCl.*UDIU« SuDHlBI, ee-Illiect<>r of 11h Sthoal 
t HocDlon-u M~9n. by Iuliu TuFruH. F.R.A.S., Buukpd Wucb 
llamifacliiier. lud Kdwaud Rioc, M.A., Aaayet in lb* Anrxl Mini, Wiib 
kwHy-Bsbt Woodculi uid Tnnly-lieg Coloaiad Coppa PiMerL Becoad 
Uitbn. Siipei-iayaJlni,AS 9,.<:laih; bdr-olf . , £3 10*. 

' lA lia«an « «n w b* tuwMw J 10 ti4_piBdK 
m, __ II b ail^ Jpad M n twlj* M Ihe InJew ■■ 



THE WATCHMAKER'S HANDBOOK. 

Iificwlwl u ft WwkitiM CoBfBnkia (« thoM CDneed irt Wfltchmalhaag M 

tbi Allied Mahmial ArU. Tiw»lutd from tb< fiBxA of '^ — ~ 
SAiimmm, Hid idIhibI br joMW Tiii»mn. f .R.A.S.. ud Ed« 
M.A.. AHUys in Ihe RaynTUinl. Fnunli Kriiuon. Cr. In, clol 

CLOCKS, WAICHi;.-^. & 1!E;i I .S for I'lniJC PURPOSE 



MISTDUM m w AlCHES & OTHER TIMEKeBPSRS. 

El, ],:.- K K. -.;..,,„ M.K.H. Inn. Kabwudi; ordodi, gill 

ELECTtjO-PLATINOAELECTRO-REFININaoFMETAt. 

BtillEnnfl-fdilionOf ALe.H.OTUtWj,TT'l " ELKCTito-DiHMmow.- " 
Ti»d DDd Largely Koniticn b; AiKOLU PiiiLIP. B.Sc., A.I.E.E., Piintg 
Aluiliuil IS the Adminlly Oieniiu. Latna Cnwn ita, e\ath . Wit -f 2 

■' HnrinBidf ■ book ipt IM pmikal *Dnit bi ftaun-deMUkA, IE H 
AHCflpttHU of DMUmda. pcoc — ^ A^il lulHUdt, mi ionAy pmiivd •hd wavd Ib tkv *v.v 

ELeCTROPLATINQ. 

A Pnnioi Handbook on Uw Dcpaullon of Coppel, Sliver. Kkkii. GoU. 
\ln minium. Buui, Pluinum, Ac. ftc By J. W. Ukjuhiiit, dS. riflh 
RditKm, Riiwd. Crown Bvd. doili ff/Q 

EHX liJl)- .M in A I.I .LIROV. 

OOLDS.MITH'S HANDBOOK, 

i.i,TjumiTiK lull InslmcTlons In ttie Ail of Allorlngi UelUne. Rancid 
CuloiLLliia. CollK.ing, and Rsfining, The j,i«™« atOiBltwiSaSi 
kcc^iiprv of Wa>[a, ChtmliaJ ind Phyueil PtopnrUis of CoUl SaUa4 
KTi:irn..'k, and oiher useful Rules sod R(clpDa,aLC. By CxOaOC B OS 

SILVERSMITH'S HANDBOOK, 

On llif Eiiue plan m Ibc ibove. By Gioutc E. G»it. Tblrd E 

•,' Ih' I,.., ftrcllne Workl. in Ont *.jn,/> ■ I . ■.;,.../, „rf 

■■T..f.Ou,,„.,„H's*!.oS».veiiswTTi,-s ■ . - ■ 7' 

JEWELLER'S ASSISTANT IN v\o,.'KI\[| i\ QOLO 
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. BLeCTKOTVPINa. 

TW ItcmiKIfaa lat yidilpBcUiaM al Prinilaf 5<uEica tai Wa,b rf An 
ty ^ finan-IHT mbib c( Mtwli. By J. W. Ci.w«»r. C.K. Cnwa »m, 
*ifc . . ■ *0 

MECHANICAL DENTISTRY: 

4. ceapcutnc alun Uivlul FacmuUi, Tabis and KkbUiU. Br 
tu. (InjiTOivo.cltpib 30 

BRASS FOUNDER'S MANUAL: 

titunciiDiu (or ModcIUne. Puimi Makliii. llouldlnc. Turning, ae. Bi 
W. CuHiH. CiDwnaTD.cloIh ftO 

5HBET IBETAL WORKER'S INSTRUCTOR. 

CrH>|inBiic ■ Sdoaioa t>f GaHHUKal Pmblcou luid ViKliial Rail* ha 
I>acribiac ibc Vuknn PUKnu Rs)<liRtl bjr Zinc. ShKl.troM. Copiw. mt 
1a-f>UK Wotlcm. Br Riuuii Hikst Wakk. I^kiioI Tw-Hmt Walnt. 
Kn Kditim. 8rv^H>l i»l ftcwly Ki>lu»d br J«crH U. HWHIK. 
A-U.t.U-E. Cnian tvD. >M ».. •iih oo ILUuuMiaah fbHb . T4 

SHEET METAL-WORKER-S OUIDE. 

A Pnciicil Htudbock fuc Tinmlibs, Ciipivmnllta^ Zlnc<iR>ik(n,JK'.*tiIl 
46DsaV«BiianilWoikiiigPiiIenH. Bt\v. J. G. Coin. Fuunb Kdlllcn, 
Crvm »to, Cloih • ■" 

a AS FITTING: 

A ^-Tualul HandbnAk. Bt lonw Buck. It«vte«1 Eaulon. Wttb iw 
lUiulniloni. Craim Ivo. clolb 9,9 

TBAMACHINBRV AND TEA FACTORIES. 

A DaciiplM Trarw oa tbi M«l>ulcd AppliiuKn nantnd ta *• 
C>]|ln>ig> (4 lb* To Pl>ni wd Ihf Pnami"" of Tw fa( A* Huriltl. Br 
A. I Wau.b-T<(lsii, A.M.tnu.CE. Mediu iiro, .bl pp. Wltb iil 
jnmnii«„ ' . . flf« SB« 

FLOUR MANUFACTURE. "« o - 

ATiMHon HMliniSdimciiid Pmctkc. Bj riiBnaiCTi Kks. laq^W 
1t««niuBHh, Pto&ior of Hfcbaok^ TKbaoCon in tbi Enbaiiil Om— ■ 
nAlKhmc Inakme, Pnguc TnuuJaled lion ibr Sonncl Knllicad lad 
Rcwad BdlliDD. B* H. H. P. Fowlb. A.M.Ino.CK <« pr., >bk 
It ral ter J m™, —J -ftr WDndculm. Bar*! In, rluifa ^^ ■ «1d«. 

ORNAMENTAL CONFECTIONERY. 

A OaU* ht Baken. CmlictiDoen and PmiirjaHl^i : induJiH an... 
M oAm Rscijn. uid KmuVi on Decoiuin uid Colourvd Wuck. Whb 1 1 
CWpiw] Dmmt. Br Rom. 

BREAD * BISCUIT BAKER'S * SUUAR-BOILER'S 

AASIATANT. 

■n R«I|« Wlib KuiKifa on rb* An <4 

■ ~ m (•a. tteb 1 C 
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INDUSTRIAL AND USEFUL 

HANDYB00K8 FOR HANDK 

BY PAUL N, HASLUCK. 

Aulhot ot " Lallie Watk," Ac, Cio»n 8vo, m pp., price is. Mch. 

UDOI (•/ (*• »»"U Cum. /» .tlKrtCn; Ik< frncaui (MpJow J. a>i4 I*j nunifii- 
UMm 0/ mturul. mnkshop M»«i at* Hiiii : aotksHop (W«i«M ii /iiH* Mfljmftl : 
and tPu luf ti /miy OiialtsM mtlH dr-awinfs k/ HRftnt tvoli. afpliamm. artJ 

METAL TURNER'S HANDVBOOK. 

A Pnaial Muad for Worken u Iht FtmLaltw. With toe IllsHiulaiii. 

Svo 

WOOD TURNER'S HANDYBOOK. 

A PiKtiol Manuil rit Worlwn u Iba Lul»- Wiib ovd iod llluNiuloni. 

WATCH JOBBER'S HANDVBOOK. 

A Pitcliul Miniulon CleaniDg, Rcpurini:, ukI AdjoBiai. WUb apwiidi of 

PATTERN MAKER'S HANDVBOOK. 

A Priclici] Manila] Dn iIk CDnilructioa oT Puicna lor r«i[»l«(. Willi 

MECHANIC'S WORKSHOP HANDVBOOK. 

A PncticaJ Manna] on Uechaaical MaoipiatiliaD, cmbtadnc IbfoirqiUlap 
« niioiu Hudician Piocbih. Wiita Uxfal Noici and >«iK:<lltn<»a> 
Ucmonnda, Campnunc abmi KaSubjectt . .I/O 

MODEL ENGINEER'S HANDVBOOK. 

A Pnciical Manual on ihs CoDiauctioD of Mcxlel SiBUi Kncbkci. Wilh 
VDntdt of ISO ItlDtualioot I/O 

CLOCK JOBBER'S HANDVBOOK. 

A Piaoial Manwi] oa CleuinE. Rvpaiiiqg. and Adjnatlaf. Wlib npmidi et 
__™iii™^ji™. . ■ . . I/O 

CABINET WORKER'S HANDVBOOK. 

A Pnoical ManoaJ on ibt Tools, Maierial*. AppUaiKca, «nd Precoaaa 

ai.n>lor«i 'a Cabinet Woik. Wiib mmkIi odoelDBHniiMui, . 1^0 

WOODWORKER'S HANDVBOOK. 

Enbracini InfanBalian on Ibe Tnoll. Malsitl*, AppUailt^ uJ Pnvuax 
_tstJDy«i >a Weodworfcini. With 104 lllimiuioaa 



I 



COMMERCE, COUNTING-HOUSE WORB 

TABLES, ETC. 





COMMERCE, COVNTING-HOVSa WORK. TABLES. «<. 91 
NUMBER. WEIOHT. AND FRACTIONAL CALCULATOR. 

jfUBC apwKrd* oS 150,000 SeiMtiue CUculuiaat, ihowiii( ■! k 
u iH DifliiRBI Hala, nngiaE [Fom.lilborii FWnrtoHl. 1 
.1^ r.« n-^ <». «/ .»d »....>h.* »r .*I:,i.. >«-«.■.. i^_i» r» 




THE WBIOHT CALCULATOR. 

BibiE ■ Seri« d( Tablet Dpon ■ Nn ind Conptabnuin plan, uhllilltni u 
«> ItefmXE Ibe axt «■]« of any Wilttil from I ll>. U> ■< lout. M m 
Piecnnivi Rais, rnioi iJ. !<■ i6Si. p«i cwl.. and cDataininf >U,»> Dlncl 
Aaiwcn, which, with ikcir ConilHnati«u» eohaiuin( of a alniU aJiJfiioA 
iJHOMjy 10 b» pafonavd »t BiAbO. i>^ll oiforj mi Acgntat* v tOiaWkOad 
Lha wboJe bcina caJculafoJ afld dcutfbcd Id er 

-^r -■■■" ■'■■ - 

THB DISCOUNT QUIDE. 



lbau^idti(*cdth^Afuri'n«^''K'at 
lo product, by onv opoiiuivpq. 11 mm Lhat will mdiiie mny r*ci(iir«tl FroAt aAat 
■namnc a« or bum Ditcnunu : 10 wbkli an ailJad Tahlai of ProAi a 
Adnoca lioa i) ro to pa onL . T«bln it [H<a>uul tron >} lu ««1 im o«(., 
mi TaUaa of OninUcxi, ftc, r.om 1 u » p«i cam. By HaH» Haa»-. 



«l SiL 



TABLES OF WAGES. 

Ouii'uaneiofiiihaui to Suty-roui Wirt, in 
blnscinll br One ShiUinE ftam M. 1.0 ^{>. |>gi 

IRON-PLATE WEIQHT TABLES. 



It H..««TWi«. 



a of Iron PlatHlran 
Ltd OIU B« Iha Butt of 
. Ur H. UtKUHWK 



THE CONCISE INTEREST CALCULATOR. 



ORIENTAL MANUALS AND TEXT-B00K5. 
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THE FIELDS OF GREAT BRITAIN. 

A Tut-Bwk of AcrKiilliue. AdapMU IB Ih* SyUsbn cf Ibc Seiinei •■ 
Am DepwinicnL Fnr Elcmcniiiiy uh) Adiancal Siudcnu. Bt Hue 
Cl^HKKTt (Baud sT Tiwle). Secnnd SdiiiOd, Rioinl, nlh Addhi— 

OUTIJNT.S OP MonnRN rAi?,Mr%*ti, 

I . .. I.: i.f Datry Pig., . 



FARM ENQINEERINQ. The COMPLETE TEXT-BOOK o 

RouU, Fuicuud C>1«: Fung l)uinilng<: Bun tylp;«iHnU indUact 
Fkrd InplEmenti Slid Michinu; Aipiailiurm] SuivcyiuE, ftc By Pm 
John Scittt. In Oix Vid., i.ijo pp., faiir-bound, witb oyb «>b llluia 



DRAININO AND RMRANKINn, 



FAR.M l/OAI.,'^, I liNCES, AND GATES: 

A IV.ir-M.' il Ik .itlm; rin ih« Roads. Tntnwair>i *«d WiUrnn of U 
form: Ibe HllMlplMof EnclosurMi and on Feneej, C»'«, *iid T "" 
Prcfvsior JoHs Scott. Crown 810. doih 

FARM BUILDINGS: 

Tlicii Arra' EimcDt ..nd CoiuinKiien, »iih Plini wid Enimiin 

BARN IMPLEMENTS AND MACHINES: 



AQRtCULTURAL SURVEVINO: 



,". :.,:<,;irt2rCo"',fr.S?^:TK:.?:-3!153Sa 



AGRICULTURE. FARMING. GARDENING. «*. 55 
OUTUNE5 OF LAINDED ESTATES MANAGEMENT. 

F*nnt,&c,^ Reads, Fcaut,Gal«.inlsauoii.Dc3UiaBc,&a, Bj R..S, Uiirk. 
Cnwn Svo, E]<Hb 2/S 

FARMINfl AND FARMINQ ECONOMY. 

HiMoneilandPruikal. Vnl.n.— OUTLINES OF MODERN FARUINC. 
By K. Scott BUKB. Croivn Svo, clalk 3,-0 



UTILIZATION OF SEWAOE, IRRIGATION, i 

Vol, V. -OUTLINES OF MODERN FAKM1NG. By R. 
WooJcms. Ctown fl»o. eloth 



NOTE-BOOK OF AORICULTURAL PACTS ft FIGURES 

FAKMEKS ANW FARM STUDENTS. 




TABLE5 and MEMORANDA for FARMERS, GRAZIERS. 

AQRICULTURAL £TLUENT,5, JUKVErOR3, (.AND AOBNT5, 
AUCTIONEERS. Ac. 

Edition. I7' Pp". w.iucoat-pocfc« tin. Kinp leMW . .US 









THE HAV AND STRAW MEASURER: 

Ue^lettp &c-i fonolDg ■ completo CaicuLHioe and ReiAy R 
JOBII StiILE. Crown Svo, clolh 



CORN 



■^ 



. Second Ertiiloo, ri 



:r Lbi n( M«l«n Flooi 
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BOOK - KEEPINa FOR FARMERS AND ESTATBl 

OWNERS. 1 

A PncilEsI TratlH, ptnanilnc. In Tbm Plans. • SfUem tibpled Hr 4lt 1 
eliunof FtTSBi. 6y J. M. Wihidiiin, Charlrnxf AccnuUut. Fmni I 



WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving W«klj labour Accouni jud Divy. uid tJioviat (^^ Ibc« ._ 

Kipcndiiim andcr acb Tt-a/aitwatat nC Croin. Liva Suick, Durr. ftc, •& I 
Wilh Vduuion, Piolit niid L«> AixDuni. u/ Hdiuiqi Sfa«i u lb> End of tb 
Veu. Bt loHHKiK M. WoaoHAN, CbKlend Accoaxul. Second Edhi 
Folio, bmifSoani JTtn 

THE HORTICULTURAL NOTE-BOOK. 

A &[ui>u>l of Piwtiul Kuin, Data, and Tabla. for the ute of Snidtnl^ 1 

f^mrdcnm, Ngr^rymtn, bihI H^iThen tqlenited in Hnwcr. FruiE, ami Ve£clali]« 1 

Culiun. « in ihc L»ine«ii iiml MuuuciHnl nf r.ntdcnu. Dy J. C I 

NiKsHAH. F R.H,S., HcuImuicT of tf<t Haap-hirc Cuuoir C -'■ ' 

MARKET AND KITCHEN OARDENINQ. 

Bt C. W. Sh«w, IjieEd.lur of " OardenLng llluslralfd," CrownRvo S/Sfl 

A PLAIN QUme TO QOOD QARDENINO; 

0>, How to Gkw Vegitahlo, fruiu, nnd Flooen. Bv S. 

THE FORCINQ UARDEN; 

Or, How to Gia* Eu)r rniiii. PlooBt uid Vcgeubto. With Ptui n 
RuimUM (oi Ruildine GludiDUKi. Pits and Frmois. Wiih Illsflrtthii 
By Sahuii. Wood. Crown Bvo, dolh ... . . 

KITCHEN QARlH.MMi A\AUE EASY. 

Showlna thi! I i.l; ^vciy linovra VrmlaWe Mi 

&c.,wl£<<l ' iU ihc rear louQd, ByOlo 

GlRI-HV, lil., ■. I .III ." . . . ' , 

COTTAQE QARDENINU: 

Or, Floweis. Piullb, and VEgrrtabIa or Small Cacdens. By E. Hein 

OARDEN RECEIPTS. 

Edlie<ibyC.uai-«sW, Qu™. Foutib EUWon. CiDwnSvo.elolb . 

MULTUM-IN-PARVO QAKDENINQ; 

Or, How loMakeOne AcTcorLandprodiKc/axi a ynr, b* iba Culd* 
ol Kmiu and Vigeiablai ; ■!», Uow lo Grow Plowan in Thm Glw B- 
» u 10 ttnliie /it6 p« annum clear Pio&i. By Samiiil Wikid. Ai 
'■GD<>lCaidtning.''lic Siiib Edition, Crofn Ivo, Knd . 

THE LADIES' mULTUM-IN-PARVO FLOWER QARDEN.^ 

And Aoia em's Compteu Guide, 
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TREES, 
















Sci<-niilic and ProGi 
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ART OF GRAFTINa AND SUDDINQ. 



tg a Pracilcal Miniul ea ibe Pruning of Fmll Trrei. Indudlne il 
' Tnintni and Kenovallon, al» ireailog o( ibe Pninlog of sEcul 



TREE PLANTER AND PLANT PROPAQATOR: 

Wilh nuBifroii. Illmiraiioni of Craldnn, l.ar«inR, Budding, Impl 
Houses. Ptu, Ac. By S. Wood. Crown 8vo, clitb . 



THE CULTIVATION AND PREPARATION OF PARA 

RUHIIEIt. 

By W. H. JoKssoi., F,I„S„F,R.H.S. Bvotloib . .\tl 7/6 

POTATOES: HOW TO QROW AND 5H0W THEM. 

A Practial Gaid* to U» Culliviuian ind Gcnfrml Tnatmcnl of <he Pauls. 
BrJ. PiHK. Ciownivo 2(0 

BEES FOR PLEASURE AND PROFIT. 

A CuJdi lo lb> Manipulilioi ol tIcES (li< PialoclIW oF H«KT. ud tbc 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY. ETC. 



INWOOD'S TABLES FOR PURCHASINQ ESTATES 

ANO FOK TMH VALUAflON OP fRDfeHTIES, 

Indqdcnf Advowioiu. Avunu 



■'-' ( -'-'""■"'■7 - "f NuunJ Nu>nhe..M.5Ti 



>, Life lnl«»M, 
Sli.kinc FamU, 

I Ml SCHBBLIHU. 

LH'a LoipiHihaik 



1 
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AQRICULTURAL SURVEYOR AND ESTATE AOBPrrA ' 

MANUBOOK. 

Of Piiciieid Rula. Fcnnuls. Tiih1», ud Duu. A Caiii|iRh«iii*c UoibI 
far ihc Uu al SuTVCyiHi, Afcnu, LimlawDav ind oihut uiLmnsI in Ibc 
- -■- " - ■■^- " • A LanUed Eubih. Bj 



■IVaJoe 



*W7*8 



AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 



IT ibc VounE AuclionRT. By 
KeviKd Demi jvo, clolh . 



S.'^^ 



THE APPRAISER, AUCTIONEER, BROKER, HOUSB 

AND B4TATB AGENT AND VALUEICa POCKET AASIATANT. 

For Ihf Vilmtiaii far Purchuc, 5a)E, or RcnEira! aS Leuei, Annuilio, md 
Rinniooi, and or Pioixiiy g<ne'i>Ily ; ~Uh Prico r« lD«iaian«t. &c Br 

JOHM Whkm., Vnluei, Sc. Re-wrLlwn rndgrMIly KiKikM by C. " 

St«nlh K^-- -- " ' •-■ - 



Royal jiQHi, c). 






THE AGRICULTURAL VALUER'S ASSISTANT. 

A Pruiicul Hindbouk cw Hit VaJuolian of Luidtd SMmxal bKlBdiu 
Eiunplt ari Dcuilcd Rfporl an Moiugemenl uhI RElJiuliaD : Fam cf 
ValiuiioniDfTcnnni Right; Ljtu o( Local Agricnllunl Cuuaon : Scdo d 
CompooMIion umlet ilie Agriculluod Holdinp Aci, and a Bri. '" 

Compenmiaii under ihe Lands Clauiei Acu, ftc By Tom Bii._ 

tun] Vsluar. Autboi tl "Tbt Agiicnllisal Surveyor and Euaie Acuit't 
Handbooli." Faonli Edition. Revlied, wiifa Appeudia nHilalniug ■ Diced of 
the AKiicullunil HaldiBgi Acu. 1SB3— igso. Cnnra In, doth . Htl QUO 



POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbooli oo E«iioa<>nE ine Con ot Fomilni 



THE LAND IMPROVER'S POCKET-BOOK. 



[■a 

o 

I 



opttly. By IoH« 
ibloiil, leutier 



AOCTIONBERING. VALUING. LAND SURVEYING, At. 39 
THE LAND VALUER'S BEST ASSISTANT. 

Bcint T>b1ct OB > v«T nuiiji Improvid Flu, f« CiJculuinE Ibi Vtlua of 

Aon 10 SiuuM Mwon, ftt"*Er R.' Huihoii, CkT* Nnr "iCdli'in? 
Koyil i™w, l«IliB, «la«ic ijMd 4lO 

THE LAND. VALUER'S COMPLETE POCKET-BOOK. 



MATHEMATICS, ARITHMETIC, ETC. 
TREATISE ON MATHEMATICS, 

Ai imlKA lo ihe ConsiiuciLve Aiii. Bj Fhahcib CjturiH. C,K.. *«. 
Third EditLoo. Crown Svo, elotli 3/O 

SUDB RULE, AND HOW TO USE IT. 

CQlaUunt w)Lh unMinipled npldily »nii M:i;ijnu:». Bj Ch.«liis HoAkk! 
C.E. Wllk a Sltde Rule, In tuck ol cover. RIghlh lidllion. Ct.lio S/6 

MATHEMATICAL TABLES, 

For TrlcoiuHiiEMIcal, AMionoinlul, anil Niiuleal C«leulUlalu: (0 Ivhlcll li 
prefileJa TreallM on Log»rLU)iz>i, By H Uw. C.E, Towlliar With ■ 
Srri'-: pF T.ihin far HaviKaiion uil NiuMcil Atnoaaiiiy. Sy Fcotntor 
|. K.V(M^.>. NewEdlllon, Ctimn B«o, clolb .... 4K> 

LOGARITHMS. 

WiihMjih.mitlcal Tables {ii[TtlKaiiaR>ririB>l,Asiranainl»1.indNiutlial 
Cdicul^iiiin^. By HcHBi LiiH', c!e. RevL-cd Edlilon. (PonnlDg put of 

EUCLID, 

Tbc Elcmenu of; nilh many Addillonal Proposlttons and Biplan*lor> 
i:™6.E.''c«VD^o!cto<h'! '"""•■'"o^ ''"f ' "" Logto, By H._|.^ 

EUCLID. The Fini' Three Books. By Hihrv Law, C.E. Crmn s™. 
SUCUIJ. UoDkit,j,'6 li.ti.* By Hiniv Uwlc.K. Crovii »n, d^ 

THEORY OF COMPOUND INTEREST AND ANNUITIES, 

Wnta Tables of LoKarlihnii Tut the more IHSioullConinutaiioniaf liuerea, 
PtHDuni. AtiniiiiiM, Ac, In *ll Iheir AppLlcailoni and l.'»e» fat MtRcnillc 
and Sute puipc«i. By Piooa Tuuha*. dI i!ie SocKii Credit Mobtllu, 

hiU. Fsurtli Edition. Cionn Hya.clolb 4JO 

ARITHmBTtC 

ibuUiDHinry, ror Ihe Vtt of Schoob and StU-laMniellaa. By Ijtvu 
HlDOOK. M.A. KevlSBdtry A • r ' -■"■- • — 
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LAW AND MISCELLANEOUS. 



EVERY MAN'S OWN LAWYER. 

A Huidr-Beok of ihc Principle al Lu tni Eqnh^. 
DiCTMMAiiV or LusiiL TntH^ By A Buiicnn. 
cmnrully RniKd. uhI cemptiiinc New Act* at Put 
7>aJu JUnili ^et, 19115: Railaay Fitit Acl. t^i. . 









V ■ luV^ *Hi* ^r^fi^tmiw/m 



LABOUR CONTRACTS. 

A Populur HmdlwcJt tm the Lnwof Contraai nrWork. .. _ _, 

Oavid GiBKDio. FouriD Rditian. witb Ap(nr.liM i,f Suiuco I.; T. F. U-rrLn 



LAW AND MISCELLANEOUS. 



HANDBOOK FOR SOLICITORS AND BNOINBERS 

«lw.™.T,an.«T.,_G« , 



.."cf"rili. 



PATENTS for INVENTIONS. HOW to PROCURE THEM. , 

Comuilsd fof H.t U« of Invincom. P.lenlia »i.d «h.^.t By G. G. M, 
Hakdikc-.iiam, Auac. Mem. ln». CE.. &c. Dxmy Svd, cj<^ . 1 /B { 

CONCILIATIONS ARBITRATION In LABOUR DISPUTES. 

A Hiitwicil Stclsh iitd Bilil Sciiemeni ot ibi Promt Poriiltia ol iba 
Ou^on ml Home Imt Abrsid. By J. S. ]■*)■«. Crown vo, HOP^. 

MODERN JOIWWI.ISM. 

Si . :, ™nJ Cwnial (or Ihe VounK JoumiJijl. Bj J 

}' 'I ' ' InilituteorjaaTnixliltl. Cion Svo. clolb , 



DICTIONARY OF PAINTERS, 

An-1 [Ur<]I>ooIi lor PIcMrp Amaieun ; twlrlE a GuMc In Vl^lnn Is Publle 
■nil 1-ilviii Piciiire Cilleries. And for An Studenls, IncludluE Clcswy ol 
Tetm.. Re By Piiiin-PE D>«vu, B.A. Crown Svo, clnlh . . fl/S 



DICTIONARY OF TERMS USED IN ARCHITECTURE, 

Uulldin)-. F.nGlnwiJnH. Mliilail. MetalluriTT. ArcheolnsT. <he Floi! Am, Ac. I 
By JOHn VViAl-t. Sl.lh EdKlon. EJIled by Rost. HtiKt, F.H.S.. 1 



•. F.R.S. Cr. BTo,clMb VB I 



COMPENDIOUS CALCULATOR 

v^inni:^ .vrLiLjjLLMiLiil (>i>rrjrlo]iK reduljDj In ComnicTclal ahd Bn^ea 

T. ^ Ut^ul TabiM, Ac By D»i*L OGonHAH 

T . .^'d by C. NoHIs. Craxmtvo.clMh . 2lfl 
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5PANI5H GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfred Elwbs. 
Crown 8vo, clotli 1/0 

5PANI5H-ENOLI5H AND ENOLISH-SPANISH DIC- 
TIONARY. 

Including a large number of Technical Terms used in Mining, Engineering. 
&C., with the proper Acctints and the Gender of every Noun. By Alfred 
Elwes. Crown tivo, cloth 4/0 

PORTUGUESE GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfred Elwcs. 
Crown 8vo, cloth 1/0 

PORTUGUESE-ENGLISH AND ENGLISH-PORTU- 

QUESB DICTIONARY. 

Including a large number of Technical Terms nsed in Mining, Engineering. 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Founh Edition, revised. Crown 8vo, cloth .... fi/Q 

ANIMAL PHYSICS, 

Handbook of. By Dionysius Lardskr, D.C.L. With 520 Illustrations. 
In One Vol. (7^2 V^H*-'^)- Crown bvo. cloth 7/S 

MUSIC, 

A Rudimentary and Practical Treatise on. By C. C. Sfen'cer. Crown fevo. 

2/6 

" Mr. S|»encf?r 1\a\ ni.ir*>ii:iUcil lii^ iiifi>niir.tion witli iin:ch skill, and )ct with a sininlicity that 
>t retonmieml hi> Hork:. tu all «lio wish to ihoit>uyhly uiulcrstanU iiiuiic.'"— //>^>^/y Tifnex. 



mu 



PIANOFORTE. 

The Art of Pla\ing the. With Kxorcises and Lesions. By C. C. Spencer. 
Crown i^vo, cloih 1 /q 

" A sound .md rxi «'lU-rn ui.ik. wtitttn w ill, sji rit, ;.nd c;i\iil,itcd to inspire the pupil with a 
dfvre to aim at liif;h ai.<.<.iiii'liMl.n:fi;t in tl-.e ait."— .S./.-cv.'i'M'ar.j' LA/VKii-.V. 
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